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• French-Frying Quality of Potatoes 
as inFluenced by cooking methods, 

storage conditions, and speciFic gravity 

of tubers 1 


By Mary E. Kirkpatrick, food specialist, Human Nutrition Research Branch, Agricultural 
Research Service, Peter H. Heinze, Charles C. Craft, physiologists, Biological Sciences 
Branch, Agricultural Marketing Service, Beatrice M. Mountioy ClOd Claire E. FalCltko, 
food specialists, Human Nutrition Research Branch, Agricultural Research Service 2 

SUMMARY AND CONCLUSIONS 
Illvcstign,tjons were undertaken to obtain in1'o1'111a60n 111'C'ful in pre­

dicting the suitability of potatoes for frel1ch frying. n1el·hoels of 
prepai:ation of frcnch fries, specifi.c gravity) storage, and desugaring 
conditions of raw tubers, nnd holding conditions (mcl frrezer storage 01' 
partially fried (parfried) potn.toes w('r(; stll<1ie(l to determine their 
effects on palatability characteristics, dry mattel·, and oil content of 
i'n:'11ch-fricd potatoes. 

• 
Twenty-fiyc sample lots of potntoes, representing nine ·varieties of 

the 1047 crop, were ·used ill nonreplicated prelimil1ary studies. Nine 
variety-location sample lots from the 1051 and 10;)2 crops were ob­
tained for n, m.ore intensive st11cly. Specific-gnwity sepfn:ations ·were 
made, and tubers representing the avernge spcrific gntvity of each lot 
were selected for palatability testing and chemical aJlaJyses. A judg­
ing panel evaluated the french-fried potatoes for color, uniformity-of­
browning, lack-oi-oiliness, tenderness, crispness, mealiness, m,d flavor. 
Shear-force. t-ests ,yere made, fj,nd yield dab were obtained on the fried 
potatoes. Chemical analyses were made for dry matter and, on some 
samples, for reducing-sugar content of the raw tubel·s and for dry 
matter a.nd oil content of the french-i'ried pobltoes. 

Standardized procedures for the intensiye study :included quick 
washing and drying of raw potato strips, since this method produced 
french fries with higher dry-matter content than either soaking the 
raw strips 10 minutes or :frying with no preliminary wnshing of strips. 
For frying, an S to 1 ra.tio by weight of peanut oil to cnt potatoes was 
used. The 2-stage frying method, ·with temperatures !md times closely 
comparable to those reportecl in commercial uSilge, was employed. 

Results from the stuclies 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 gravity wem used. In 

• 
t Submitted for Imhlication Selli;eUllwl" 22, 1\3:::>3. 
: Acknowledgment is llllHle to the following persons fo!" contributions in vari ­

OllS phases of the illn~s!"ig-ntionH: Lin<ln. C. Alllright, Elsie F. Dochterman, 
Benjamin Mazeika, and Albert ll. Pm·ks. Acknowledgment is also due the field 
staff of Biological SCiences Brauch, Agricnltural U:\.rketing Sen"ice, and Horti ­
cultural Crops Research Branch, Agricultural He:,:ear('h Service, for assistance in 
obtaining the potatoes used ill this study. 

1 



2 TECHNICALBULLETl.L~ 1142, U. S. DEPT. OF AGRICULTURE 

the 1952 crop, improved fliwor 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 fdes tended 
to increase, ·whereas oil content of fried samples generally decreased 
with increase in specific gravity of raw tubers. 

Storage of potato tubers for 3 or 5 months at 40° F. causee1 accumu­
lation of sugal' in the raw tubers and excessively brown color and It 

btu'ned flavor in the french-fried potatoes, In contrast, storage of 
tubers for 2 months at 55° retarded sugar accumulr..tion and' :rave 
french fries with much better color and flavor. Extm1sive investiga­
tions with the 1951 crop showed that color scores for french fries 
made from potatoes stored at 55° or 60° and flavor scores for french 
fries from potatoes stored at 50°, 55° , or 60° were significantly higher 
than frolll potatoes stored at lower temperatures. French fries made 
from potatoes stored at 55° were significantly more mealy and hael 
a significillltly higher dry-matter content than those from potatoes 
stored at other temperatures . 

..A.lso stue1ied in detai.l was the effect on french-fried potatoes of 
c1esllgaring the tubers, whi.ch consists of reducing their sugar content 
by holding them for a period of time at a temperature higher than 
the storage temperature. ",Vhen potato tubers stored for 2 months at 
55° F. were subsequently held at 70° for 3 weeks, little improvement 
'\"'as obtained in the french fries. Color was the only palatability 
characteristic affected, and the response was quite variable for the 
different sample lots. Tubers stored 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 
~cores were slightly higher for 2-week than for 1- or 3-week desugar­
ing periods, but color continued to im.prove during the thirc1 week. 
Statistically significant differences between 1-, 2-, and 3-week desugar­
ing periods were found only for the color characteristic. Color scores 
were closely associated with the changes in reducing-sugar content 
of the rn,w strips. Variations in reducing-sugar content between 
tubers within a sample and within different areas of single tubers were 
fOlmd to be associated with the variability in the uniformity of brown­
ing of french-fried strips. Differences in varietal responses to de­
sugarinp: 6me were show·n in the color, mealiness, and flavor scores 
of french fries. A comparison of desugaring for 2 weeks at tem­
peratures of 70° and 80° following 5 months' stora.ge at 40° indicated 
significantly higher scores for color and flavor at 80° in some lots of 
Irish Cobbler potatoes. Other characteristics were not affected to any 
extent by desugaring temperatures. 

Holding of partilllly fried potatoes at room or l'efrigerator t0m­
peratllre no longer than 24 hours before the second stage of frying 
had relatively little effect on the palatability characteristics of the 
french fries from Chippewa. and Kennebec sample lots. In the case 
of Russet Em'bank, small but consistent decreases were noted in the 
scores for tenderness and flavor. Trends were not consistent for all 
s.ample lots, 1101' wel'~ they gr~at enough for significance. Shear­
force values were conSistently lugher 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 
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• 
increl1se in dry-matter content and 11 correspondulg decrease in yield 
of the friecl product. A.ll apparent increase in oil content for sl1rnples 
held longer pm:iods of time was largely due to decrease in moisture 
a\1.d yield,llot to increased absorption of oil. 

A comparison of methods of cooking frozen parfried potl1toes 
showed that heating in a prehel1tecl 500 0 F. oven for 10 minutes or 
heating in a 500 0 oven 5 minutes followed by 3 minutes in a broiler 
cornpl1rccl favorably with frying in deep fat, except that there WI1S 11 

slight decrease in tenderness I1nd less uniformity-of-browning. Cook­
ing in a, broiler for 5 minutes was the least satisfactory method. No 
significant differences were found as a result of thaw-ing or not thl1w­
ing frozen parfried potatoes before cooking by the ovell, oven-broiler, 
or broiler methods. . 

French-fried potatoes from pal'J,6es made at the time the tubers 
were harvested and held 2 to 9 months in freezer storage were com­
parable in palatability to freshly prepared french fries, Those made 
from tubers stored 2 or 4: months at 50 0 F., then padded and held 
in freezer storage 5 to 7 months, were some\yhat lower in quality. 
.Jill frozen samples, whether prepared at harvest or a,fter tuber stor­
age for 2 or 4: months, made french-friecl potatoes of satisfactory 
quality except. for mealiness ill samples from tubers stored for 4: 
months. 

INTRODUCTION 

• 
French frying is said to be the most popular method of cooking 

potatoes served III restaurants, althou~h for home meals potatoes are 
more commonly boiled, mashed, or balmd. Results of a survey (36)3 
on potatoes used in 2 cities, New Orleans and Cincinnati, showed thl1t 
in terms of pounds of potatoes purchased, french fryUlg 1vas the 
method of preparation most frequently used. It has been estimated 
(8) that 50 percent of the potatoes served in restaurants are prepared 
by some method of frying. A survey of househoJd practices in the 
use of foods (B5) shows that in Birmingham, Ala., Indianapolis, Ind., 
and Everett, 'Vash., french fries were served in 19, 9, and 2 percent, 
respectively, of the meals that included potatoes. 

The relatively infrequent service of home-prepl1red, french-fried 
potatoes :is probably due more to the difficulties of home preparation 
than to lack of popularity. Problems presented by the need for 
special equipment, ancl the cost, storage, and reuse of the fat, as well 
as the need for attention to the frying just before serving the meal, 
discourages 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 retail market. From 

• 

194:9 to 1953 the amount of the yearly potato crop processed into frozen 
french fries increased 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 (936). 
Among vegetables processed by freezing, c0111.lnercia1ly frozen french­
fried potatoes rank. seventh in quantity of retail sales.4c In 1953 a 
total of 60,000,900 pounds of packaged french fries was frozen, of 

• Italic numbers in parentheses refer to Literature Cited, p. 43. 

'Personal communication, K. O. BU1:r, National Association of Frozen Food 


Packers, Dec. 28, 1954. 
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which 56,000,000 pounds were put into O-ounce retail packages and 
4,000,000 pounds "'ere packaged in institutional and bulli: units. 

The growth of this industry has been so rapid that research has 
not kept pace with production. InfOl:mation on the french-frying 
quality of the potatoes on the market is scant. Large restaurants and 
cOl......nel'cial processors Clln purchase potatoes of known variety and 
source, and if they llre found satisfactory, buyers can repeat their 
purchases year after year. The homemaker, ho,,"e\'er, ~las little op­
portunity fOl' selecUng the most suitable potatoes to lise and conse­
quently may come out WiUll1 mediocre product. 

Despite the popularity of french-fried potatoes, whether preparecl 
in restaurants (ll' in the home, freshly cooln'd or frozen, there 1S un­
ftworable consumer reaction to unappetizing french-fried potatoes­
tlwse that are grease soaked, excessively (htrk in color, and have a 
scorched taste. This yariation in <luality indicatcs a nccd for fur­
ther research. 

The p111'po:;e of the illYcstigation repOltcd here was to­
(1) 	 tiua mcans to prcdctcrllline the suitability of llotatoes of dilIerent 

ynricty :t!Hl loentioll for frellch frying; 
(2) 	 determille the lllL'St suitable comlition.s of storage and <lesugaring of 

rllW tubers; nnd 
(3) 	 t1C\'elop J)roCCdnrl'R :ulaIltalJlC' to liRe with the two-stuge frying method 

iumaking both fl'e1'h amI frozen frcneh-j'rl~d potatoes. 

The findillgs should aid homemakers, institutional buyers, and 
processors of frozen Jrench fries to obtain high qUttJity french-fried 
potatoes throughout the year. 

Cooking ~Uld palatability tests wc"e made by the Human Nutl'ition 
Research Branch of Agl'icultul'a.l Heseal'ch Service; chemical analyses 
/'01' .moistul'e and suga.r ('on tent of rn;,,- potatoes, ttS well as moisture 
and oil content of Iinislwd french fries, by the Biological SCieIlCeS 
Branch of Agricultural Marketing Service. The latter group took 
l'esponsibi1it:)~ for obtaining a11l1 storing the potatoes usecl in this 
study. 

EXPERIMENTAL PROCEDURES 

SELECTION OF POTATOES 

In pl'eliminal'~' s('udips on potatoes from the 10-1( crop the follow­
ing £) vllrietips ,Yl'l'C used: Chippewa, Green lHonntain, Irish Cobbler, 
Kliblhdin, Russet BUl'bnnk, Russet Rural, Sebago, Triumph, and 
lVhitp Rose. Limited studies were continued ,yith .,I, varieties from 
the 19+8 crop: Chippewa, Irish Cobbler, Katahdin, amI Russet Bur­
bank. Both years each vttripty was obtained from 2 01' 3 locations 
as described in t1 pl'e\'ious pUblication (133). 

In 10151 and 1\:);")2 a more intensive study ,vas undertaken. The 4: 
varieties of potatoes cho::;cn :1'01' the WOl"1\: on the 1051 crop ,yere 
Chippewa uTid Green }\IOlllll"tlin from ~Iail1e, Triumph from North 
Dakota, and Russet Burbank from ··Washington. Pl'e\'ious experi­
ence with varieties :1'1'0111 tllP;:e areas indicated that they ,,,ould include 
potatoes ,yith both high ancllow specific gravity llnd with considerable 
difference in sugar-accumulation characteristics. From the 1952 crop 
the following vtu'icties of c0111mercia1 importance for french frying 
were obtained: Irish Cobbler from Maine and North Dakottt, Katah­
din from Colorado and Mail1e, Chippewa tl11d Kennebec fr0111 Maine, 
and Russet Burbank from ",Vashington. 
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..1:\11 potatoes 'were of U. S. NO.1 grade. Nearly all were harvested 
between mid-September 11,11(1 c1trly' November. Data. on soil types, 
fertilizers and inseeticiclcs used, and pl'ebarvest treatmE:nt of vines 
for the 1952 crop are il1C'luded in t1H~ Appendix (table 21). 

STORAGE 

Each :rcar after the p<)iatoes 'were dug l'hC'y were allowed to cure for 
a few clays, and then 200 io ;WO pounds were shipped by rail express 
to the Plant Industry Station, Beltsville, )[d. They were he1el at 
ti5° F. at the Station for a short tinH'. until thC'v 'were divided into 
Jots and placecl in storage ttl:; reqnil,etl for t)1(' ,:nrions tests. 

Although it is kllown that storuge temperatures of ;')0° to 55° F. 
am concluciyc to maintaining good tubel' qua1i.ty for french frying, 
many commercial storage houses use a temperature of 40° 01' lower 
in order to minimize sprouting) withering) ant1 decay. 

In the pl'elimilla1:,\7 studies in 1!l-17 the potatoes were held at 2 tem­
peratul'es, 40° and 55° F.AJter ~b months some 0'1: the Jots in 40° 
storage were transferred to 70° and held for varying periods of time 
up to 8 weeks. Freneh-'hi('cl potatoes w(,l'e made at 2-week intervals 
during the holding period. Part of the If)'~8 crop ,vas also stored at 
·10° for appJ:osim~itC].v ,~, months. tlwn tl'ansfelTed to 70°, and french 
fried aHeI' 2, .1-, or (l ,,-('('ks, 

Samp1es oJ each of the Ylll'iefy lots from the 1051 crop were stored 
at 40°,45°, 50 0 

, 55°, or GO° F. Some of the Jots stored at 40° :fol' 5 
lnonths were tt'ansfel'l'ed to '1no und 'l'l'iecl nHe!: 1, 2, or 3 weeks. The 
storage temperatures used for the 19;)2 (TOP were 40° and 50°. After 
storage for ·1 mont-hs, some oJ the lots in ·!,OO were tnUlsferred to 70° 
or 80° and fried after 2 ",'eeks. 

Tempenltul'es in the rooms where the tubers ,\'ere stor<:d were 
thermostatically control1ed amI seldom Yt1l'ied more tlum 1° from the 
specified temperatures. The l'ehth'e humidity was maintained at 
85 to 00 percent. 

Sample::; 0'( the Kennebec yariel)', one of the vn.rieties lIsecl in C011­

siderable quantity for cOl1l1llC'l'cial frellch fries, were obtflined for 
storage tests oJ fl'oz0n partially fl'ied potatoes, :-1al1lples -[or freezing 
were 1'uken from (;lIhc1's shortly aftcr receipt of (he harvcsted lots at 
Belts\'ilIe and from tubers aftcr storage for 2 or ,bmonths at 50° F. 
The partiall~' fried potato!:':" ,n're frozc;l and stored at 0°. They were 
remond from Jrozcn stOl'aW' fd'tC'l· vllrious periods up to \) months, 
li.nishcd with the sccond-stage fry, (mel eya.lnated '1:or quality. 

SPECIFIC GRAVITY 

opecHic glm·jty of the potu top:' was tlCtCl'JJ1.illC(l L,Y the salt-density 
method as previously {l\'scrihcd (:3,3). A p1:climinary sample of ap­
proximately 50 tubers waS sepnl'lLtecl before storage to determine the 
ra.nge and the avernge spcciHc gl'UYity of ('nch lot of potatoes. A few 
days before the samplcs from the yarious storage conditions 'were used 
in the cooking tests, specif-ic-grayity separations 'Tel'(~ made on each 
lot. The distribution of tubers as ShO\Y11 in table 1 indicates the 
specific-gmvity c1asses that were available from each of the lots. 

http:qua1i.ty
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TABLE 1.-Nmnver of (.UUC/"S in each specific-gl'avity class 

Speciflc·gravity class Total 

Variety and location 
 ~(?br'~'f I---C-:g1g--;--j;2 ,--,-, ,I ~ ~ I ;?-.--, g I cg--;--"l ?~f: I;o-'--~::---0- 12 ....--0- :=:'---'-~1'l--;-1tII ers 5 5 i ~ f ~ ~ ::; 1~ ;; :; 

1 
~ :::i ::: ~ :; 6:: 

---19-5-1c-ro­ ---'·--I--'-:-,--i-I-I-'-I-I---­p

C~T.fl~:.~:................. 833 .•. 4G 145 251 201 134 45 S ••• I .. ! . . ........ . 

Green Mouutain: I ['

New York............... 53°1"" 0 15 43 95 152 143 55 20 1 •••. '" _. _.. -.« 
Russet Burbank: 

Washington.............. 52:ll"" •••.••. -... 3 14 39 100 109 133 04 


~~ 

Ji '-r" ... 
T~~~~hbnkota............ 478 .•• S 18 79 122 1·10 74 30 7.... : --I'" ... 

~~ I 
61·1 S 511 lOG 205 12G IS 2,' .••• .•..•. . •..I . I.. iMaine................... I ... 

Irish Cobbler: . 
Maine................... 720.... 1 5 7 IS 73 250' 265 91 1 .•. /, ...1 .. 
I ..... 

Irish Cobbler: 
North Dakota............ OS2....... 2 7 10 27 57 178 131 1-13 77 50 .. !... -.­

Kat.~bdin: 
I{~~lgSiJ~~................. 070.... 1 2 12 II 33 102 137 183 131 48, JO •. -•....• 

Kt.1~f~g~~::::::::::::::::: 1.:~~ :::: : 1: 1:~ :::1·::: 3~:, ~: ..~~ ···~l::::ll::::I:::: ::::1':::: 
Russet Burbank: I 

Washington.............. 5-17.... .•.. ...• 11 2 41 0 10 50 4·1 170 192 40 Hi 

In all experiments except those dealing especially with differences 
due to speciii.c gl'lwity, the samples were chosen from one specific· 
gravity class represen6ng a high proportion of the lot.. The maxi· 
mum variation between tubers within each individual coo1.~ng 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 a convection·type oven for 20 to 24 
hours at 70° F., then drying was continued in a vacumn·type oven 
at the same temperature nntil a near constant weight was obtained. 

The fried strips were dried by the same procedure as the TaW strips, 
and the dry·m[ltter content as calculated included 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 descriLed for meat prod· 
ucts (7). The simplified procedure was found to give results 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 made with petrolenm ether, after which the strips 
were transferred to a weighed fliter paper, washed with petroleum 
ether, and allowed to stand for a few hours at room temperature before 
completion of the drying in the ovens at 70° F. rrhe amount of oil 

• 


• 

• 

extracted was determined by the difference in dried weights before 



7 

• 

• 


• 


FRENCH-FRYING QUALITY OF POTATOES 

and after extraction; the oil content is reported on the basis of the 
freshly fried product before removal of the moisture. 

Analyses for I·educing and total sugars were made on the tubers or 
cut raw strips, or both, in the experiments that involved a number of 
storage temperatures 01' trallsference of the potatoes to higher temper­
atures for desugaring. The picric acicl method, as previously de­
scribed (fJ4) , was used in several experiments to determine the reduc­
ing sugars in each tuber in the frying samples. The small cylindrical 
sections were remoVt:;~l from the tubers michmy between the stem. and 
bud end just before they ,vere cut into strips. The reduced copper 
method, as describecl by Heinze and j\furneek (fJi8) , 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 adapted for home use (5), 
was chosen as the basic method for this investigation. Advantages 
of the two-stage method O\Ter the continuous, or one-stage, method are 
that it shortens the tobl cooking time, helps maintain oil at proper 
cooking temperature through more of the cooking process, increases 
the capacity of the fryers in the second-stage fry, :mcllllakes for 
quick service of the 11nishe<1 product to varying numbers of persons. 

Restanrants llsing the two-stage frying methocl 11ml an advantage 
in partially cooking french fries "during slack periods in the morning 
or afternoon before they are needed. At serving time, upon order, 
partially cooked french fries are quickly finished off by second-stage 
frying. It has been reported (1) that in single-stage fryulg 77 pounds 
of potatoes WC1'e produced ill all hour, but with two-stage frying the 
capacity of the same fryer to brmnl in the final stage was 300 pounds 
per hour. 

Details of the method of iTench fry.ing clone in preliminary work 
(1947 crop) were for the most part the same as previously reported in 
a study of eady-crop potatoes (iB4). Exceptions were that whole 
potatoes were used rather than halves and that oil temperatures and 
times for first- and second-stage fry were 195 0 O. (383 0 F.) for 2 
minutes and 210 0 O. (410 0 F.) for 4% minutes, respectively. Electri­
calullits, each with a heat input of 2,010 watts controlled by a voltage 
regulator, weTe the source of heat. Two sheet-iron fry kettles of 
4-quart capacity, each 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 
llsed. 

"\Vhen work on french fryillg was resumed in 1951, potatoes were 
again cut into %-inch strips, the same size as used in the previous 
study. The two-stage frying method and peanut oil as the frying 
medium were used, but some modificatio11S in the procedures were 
made. Larger sheet-iron fry kettles of 8-quart capacity and heavy 
wire baskets to lit them were obtained, and an 8 to 1 proportion of oil 
to raw potato was used (2,800 gm. oil to 350 gm. cut raw potato). As 
in the earlier studies, two identical kettles containing equal weights 
of oil, one for ii.rst-stuge frying the other for second-stage frying, 
were heated on electrical units of identical wattage (2,010 watts) 

36S743.~:;6-2 
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and were equipped with mercury thermometers for determining oil 
temperatures. 

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

The use of an 8 to 1 ratio of oil to cufpotato necessitated additional 
tests to determine satisfactory oil tempemtures and periods of cooking 
time. For first-stage frying an initi.al temperature of 185 0 O. (365 0 

F.) and 4 minutes cooking tiJne ,yere chosen; for the second-stage 
frying, an initial temperature of 1990 O. (390 0 F.) and 11/2 minutes 
cooking time. These temperatlll'es come within the range of frying 
temperatures recommended by Benes, Carlin, and Logan (8). 

Based on exploratory fests ma.de in IDol, quick washing of cut 
potato strips withol~t soa.king was il1corpora.ted as a pretreatment in 
subsequent tests herem reported. 

A commercial-type electric fry kettle of 15-pound oil capacity with 
rated wattage of 4,500 watts and automatic temperature control ,yas 
installed in 1952. "With an 8 to 1 proportion of oil to potato the larger 
capacity provided for 6,810 grams of oil and 851 grams of potato 
sample . 

..A.. bimetal thermometer with a circuhtr dial and a pointer for read­
ing temperatures was used in place of the mercury thermometers 
previously described. 'When compared :Yith mercury thermometers 
the metal thermometer gave a more l'l11)ld thermal response. 

The change to the automatic fryer in 1D52 necessitated further ex­
ploratory tests to establish suitable temperature-time combinations 
for french frying potatoes. After a few p1'elimi11Hl7 tests with the 
five 1952 sample lots, the temperatures of 1820 O. (360 0 F.) for first­
stage fry and 1910 O. (375 0 F.) for second-stage fry were selected 
as those most likely to give the best product. From a comparison 
of 3, 3112, 4, and 4Yz minutes for first-stage frying, each combined 
with 1112 minutes for second-stage frying, the time periods of 41.12 and 
Ph minutes were established as standard times for all subsequent tests. 

In the preliminal'}T tests ,vith the electric fryer, it was observed 
that the first sample in fll1Y one session s]lOwed Jess cooking and higher 
oil absorption and caused a greater oil temperature drop and lower 
recovery readings than the succeeding samples. During this first 
cooking the rise in oil level caused by fomning heated a greater portion 
of baSKet and kettle and thus tended to stabilize the oil temperature 
and performance of the kettle for subsequent samples. Hence, a 
preliminary sample was cooked and discarded before samples were 
hied. for judging. This procedure was also followed if a lapse of 
30 mmutesor more occurred between samples. 

Preliminary trials 'indicated that an' 8 to 1 ratio of oil to potato 
could be maintained throu~'hout a series of 4 frying tests by routinely 
adding 50 grams of oil to tne kettle after the preliminary sample and 
40 grams after each succeeding par;!,ry 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 
oil was routinely added to bring the total weight back to approximately 
6,810 grams. 

• 


• 


• 


http:initi.al


9 FRENCH-FRYING QUALl'.ry OF POTATOES 

• 


• 


• 


PALATABILITY EVALUATION 

The criteria used to evaluate quality of frenc;h-fl'lecl potatoes have 
varied. East (18) reported that in Fr:mce. where cleep-fat frying is 
the accepted method of cooking, potatoes thnt ]101d their shape are. 
desh:able. In the stucUes made by ,Yrig11t aml colleagues (38) other 
quality characteristics-color, texture, aml flv:rOl'-werc scored in ad­
dit:ion to appearance. Be.well (9) reported that potatoes of low dry­
matter content were about as good as those of high dry-matter content 
for deep-fat frying as far as appearance. ,vas concerned. 

:More recently, Alexander and associates (4. 5) scored frcnch-fried 
potatoes for several quaEty characterist:ic~-oiliness, as wcn as color, 
texture,flllc1 flavor. _\kC'Jey (12. S) in a comparis()n of eight ~faine­
grown potato var.ieties for fl'cnch-Jryillg qualityust>Cl 0111y one cltar­
acteristic, degree of browning, as t1- basis j'or l'C'commending varieties 
suitable for french fryil1g. 

A broad conception of the quality characteristics of frcnch fries was 
shown in the study reported by Benes, Carlin, and Logan (8). III 

setting up standards of quality for frcnch-fried potatocs made for 
restaurant service. they considered flavor, color of surface, correct fat 
absorption, form and symmetry, crj"pness, and mealiness as charac­
teristics to be. sCOl'ed. The. above. sblnc1arc1s l'equircd that pllrticulal' 
attention be given to detccting bitterness, off-flavor, 01' mncidity in 
£[:lvor; that. PC'rtt'ct color should be light p:olden brown without mot­
tling 01' dark streaks; that the for111 should be reguhtr and pieces fairly 
uniform in length: that crisplw~S witllOUt hanln('s~, leatheriness, or 
gumminess is desirable; lllld tllat the interior should be mcaly like a 
good baked potato, not ,,'atery or mushy, anel tl1el'c should be. 110 
separation betwecn core and crnst. Such standards can be appljecl 
equally well to home-prepared french fries. In tlus study they were 
used :in assigning descriptive. terms to lHlll1crical points on the rating
scale of tll e. j ndging record, 

Before. development of the judging rccord, french fries shmying 
variation in pabtabilit.y characteristics were. prepared from a number 
of potato samples. They were examined by a group of persons in­
cluding potato research scientists, food specialists, anclrepresentatives 
from the N atiollal RestauraJlt Association and the United Fresh Fruit 
and Vege.table Association. From observation and discussion of the 
qualities of these cooked potatoes, agreemen twas l'eaehed regarding 
the important characterist.ic,,> anel the levels of quality for each to be 
included on the judging record. 

The palatability charitcteristics :[01' ·which french-fried l)otatoes 
were scored included color, uniformity-of-browning, lack-oi-oiliness, 
tenderness, crispness, mealiness, and flayol'. ,Vith the exception of 
color, all characteristics "·cre judgcd on a 5 to 1 scale, with 5 repre­
senting the l1ighest score and 1 the lowest. For color) a score of 6 was 
recorded for potatoes tltat .werc slightly too ]!ght; 5 represented 
golden color (stancltu:d quabty) mid the scale decl'easeel to 1, very 
dark (poorest color). Judges were asked to assess thc range. of color 
shown in each sample, as well as give a score for uniformity-of-brown­
ing. To provide tolor standards for the judges, potato chips, which 
show color variations similar to those of french-fried potatoes, were 
used. Samples of potato chips wcre selected to represent the scores 
on the color scale, 6 to 1. In scoring for lack-ot-oiliness, the l:ange 

http:characterist.ic
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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 natural, scorched, burned, bitter, s,veet, 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 nny one session. Samples for each 
day's judging ~were selected and prepared at random unless a specific 
order of sample preparation was required for the statistical treatment 
of the scores. 

The 6 judges comprising the palatabmty panel l1ad had previous 
experience in judging potato qualjty, and 4 had previously judged 
french-fried potatoes. Before palatability tests on the 11)51 potato 
samples were bcgull, 2 judging sessions were given for a brief training 
of the judges. By using potato sfunples of 3 varieties, each of different 
speci fic gl'lwity (1.01)5, 1.085, or 1.070), amI by varying the cooking 
time, french fries representing at least ~ levels of quality (5, 4, 3, or 
5, 4, 2) for all palatability chamcteristics were obtained. 

The first day incliyiclual snmples representing these scores were given 
and made known 10 eaeh judge. The jnclges studied the product in 
J'rJation to descriptive terms on the rating scale and discussed thc 
di~rences among the samples. Open discussion was encouraged so 
that nJI judges might nndel'stand the basic reasons for assigning 
certain scores and come to an agreement on standards for each score. 

On t1le second day of training, similar samples were prepared and 
given to the judges for independent scoring. After scoring was com­
pleted, ~whilc tllC panrl was prrsent, scores made by an panel members 
were compared to detcrmine how close to the standard each judge 
scored and also how closely all the judgcs agreed on the various scores. •,;:\. fe,Y additjonal jndging sessiol1R 'YCl'e held after 3 months and again 
at the beginning of the tests in 1!)52, to review the standards for the 
palatability panel. Procedures :l'ollowcd '"ere the same as those de­
scribed above. 

SHEAR-FORCE TESTS . 
One of the instruments used for the objective determination of the 


tenderness quality 0:1' foods is a shearing machine designed by K. F. 

",Varner and L ..r. Bmtzler. This instrument has been used by several 

investigators (10,11, 14, f?,], 30) to tpst the tenderness of meat. Re­

sults from these Rtndies sho,n'd that tenderness of beef or poultry was 

l1rgatively corrclated with sllcal'-force valucs. In some studies the 

relationsl1ip was mom highly eOl'l'elated than in others. 
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JUDGING RECORD FOR FRENCH-FRIED POTATOES 

Name_ - - ---------- -- ----- - - _-- ___________ - ___ Date____ 0______________ _ 

Rating for sample 
Palatability characteristics and scoring scale I---~-~--~--~---

1 2 3 4 5 
----------------1---------------
Color, exterior: 6-Slightly light,_________________________________________________ _ 

5-Golden____________________________________________ 1___________ _ 

2-Dark_____ .. __________________________________________________ _ 
I-Very dar.k ____________________________________________________ _ 

Uniformity-of-browning: 

t-~~g!~~t~f~'d~~k=:===============,====== ====== ====== ====== ====== 

5-Naturally oily, very slightly oily 

5-Uniformlybr()wned Scorc _______________________________ '­
4-Slightly variable
3-Moderately variable Range_______________________________ _ 
2-Variable 
I-Extremely variable 

Lack-of-oiliness: 
__________________ .0 _____________ _ 

I-Very oily _____________________________________________________ _i ~t~!~~~~{~~~~================== ====== ====== :===== ====== ====== 
Tenderness: 

5-Tender__________________________ ------ ------ ______ 1______ -----. ­
4-Slightly toUgl1 ________________________________________________ _ 
3-Moderately tough _____________________________________________ _ 
2-Tough_______________________________________________________ _ 
I-Very tough______________________________________________ , _____ _ 

Crispness: 

r~i~i~tlY-li~p____=================== ====== ====== ====== ======_3-Moderately limp ====== 
2-Limp________________________________________________________ _ 
I-Very limp ____________________________________________________ _ 

Mealiness:5-Dry, mealy ___________________________________________________ _ 
4-Slightly moist, moderately mealy________________________________ _ 
3-Moderately moist, slightly mealy ________________________________ _
2-Soggy, not mealy ______________________________________________ _ 
I-Very soggy, not mealy _________________________________________ _ 

Flavor:5-NaturaL _____________________________________________________ _ 
4-Slightly off-flavor ______________________________________________ _ 
3-Moderately off-flavor __________________________________________ _ 
2-Strongly off-flavor __________________________________ )___________ _ 
I-Very strongly off-flavor ________________________________________ _ 

Check the following flavors when present:NaturaL _________________________o 


Scorched_____
o___________________________________________________ _ 

Burned_________________________________________________________ _ 
Bitter____________________________________"_______________________ _ 

Sweet___ ____________________________________________________ ---- -- -- ------ -- __ -------- _1_ -----1----- ---- -- - --
0 
"- ------Other - ­

• ______ _ 
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1Uthough no reports were found in the literature that the Warner-
Bratzler shearing machine had be('n used for testing the tenderness of 
french-fried potatoes, it was used in 1952 to study correlation of 
shear-force values with palatability scores for tenderness and crisp­
ness. An adjustment ,,,as made in the macl1ine to make it more 
suitable for use "with french f1·ies. The triangular blade was replaced 
"with n, hollow-square blade that accommodated three parallel strips 
of french-fried potntoes. It was found that three strips, placed side 
to side and shea,red at one time, were adequate to give a reliable 
poundage reading. 

After french-fried potatoes had cooled to room temperature, 15 
representative strips, sullicient for 5 replications, were selected from 
each sample fOl' shearing tests. The pounds of force required to shear 
through 3 strips was considered the shear-force value. Correlation 
coellicients between shear-force 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 
%-inch strips, rinsed quickly without soaking, and dried with cotton 
towels, The standarcl 8:31-gram frying sample "was selected to con­
tain only uniform strips with 4 straight cut sides. Small irregular 
pieces do not contribute to a uniform sample and overcook quickly, 
thus causing deterioration of the oil. YieIds of partially fried and 
completely fried samples were calculated as a percentage of the se­
lected raw cut weight. Since only a portion of each pared sample was 
fried, it was not possible YO calculate yields from the original weight 
of the potatoes as purchas~cl. 

STATISTICAL DESIGN AND TREATMENT OF DATA 

The various experiments were set lip according to conventional sta­
tistical designs; therefore, a. detailed disctlssion is not !riven. Ann.l­
ysis of variance was a.pplied to the palatability scores obtained from 
the studies on the 1051 ancl1952 crops, The method of analysis was 
varied in accordance with the specific designs proposed for the clif­
ferent tests. The data for each test consisted of either 2 or 3 replicate 
sets of scores from 501' G judges. . 

The statisticrd. nlUllyses were made by variety-location rather than 
by variety, even though the sanle variety was frequently represented 
by severallocatiol1s. Tlms, each lot of potatoes was treated as a dis­
tinct sample, and no evaluation of a variety as such was attempted 
except for the varieta.lresponse to desugaring. 

Simple correlation andregl'ession or covariance analyses were used 
to study relationships between specific gravity, shear force, and 
compositional factOl'S and various palatability characteristics of the 
french fries. 

The mean scores in the tests involving cooking time, storage, and 
desugaring of the 1951 sample lots ancl specific gravity, storage of 
frozen parfl'ies, and the method of final cooking of frozen parfries 
of the 1952 sample lots were differentiated by statistical procedures 
developed by Tukey (35) or DUllcan (17). To simplify the discus­
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• sion of relative si~nificance, the means ,yere usually partitioned into 
three distin~isl1aDle groups amI in the tables are designated as being 
either signinculltly higher 01' lower than the other related means. 

RESULTS AND DISCUSSION 
STANDARDIZATION OF METHOD 

Washing or Soaking Pretreatments 

It js common practice to soak Cllt potato stl'ips in cold water before 
french frying them. Soaking is considered bellet-icial in preventing 
discoloration of raw potato strips between cutting flnd frying, in 
making rtLW strips from shriveled tubers more crisp, and in preventing 
strips from sticking together, lUl<l the sOllking period provides a con­
venient intel'\'al bet\\-eell the preparation and frying of the strips. In 
the preliminary study of 1!J·iT, a, 10-minute sOllking of cut potato 
strips was arbitl'tlrny selected as part of thc> ::tD.u(Jal'cl procedure. 
qther ,Yorkers (5) hnxe reported IG lninut<;>s as lUl ade(luate soaking 
tune. 

• 

In 1951, to determine the eITC'ct of treatment on the fintlI product tL 

comparison was made of frcnch fl'iPI" from l':l w cnt. potato strips that 
were (1) unwashed, (~) \\'a~hed qniddy, tUl<l (:3) soaked 10 minutes. 
All samples were blotted dl'Y and wrapped in to\Y(>]s until fried. 
Potatoes of Chippewa, and nu,,~et BUl'bauk Ylu'ieties hn"ing specific 
gravities of 1.0TO lwd 1.100, respectiYcly, selecte(l as relwesrlltati\'e of 
low ancl high c1ry-mat(C'l' content, ,yel'C llsed for two replications of 
each test. Dry matter of raw and f1'el1ch-fri('(l strips, oil content of 
the french-fried product, and yield were (lC'il'nninecl. 

Quick washing of Cllt strips l'esllltC'<1 in higher cll'y-mattC'l' content 
in french-fried potatoes thiln oth~r t1'Ptltlllcnts of bot·1t snmple Jots 
(table 2). In the I'll\\' POt:ltO stl'lpS the d ry-mattcr COlltC'nt of un­
washed sfunples was highC'r in both speci fie-grayity lots than in samples 
washed quickly 01' soaked 10 miuutes. although c1ilfcrencC's were s1ight 
in potatoes of low specific gJ'll,"ity. rfhr rC'sults indicate 110 cOllilist'ent 
relationship between method of trratment and oil content or yield of 
fried product. Since quick wash ill!!,' \yithont soakill!!.' gaY(' a hi!!.'hel' 
percentage of dry matter in the fiurd prodnct ,,,itl! j)oth sample 'lots, 
it was the nwthod select0<1 for pr0treailnen(- of cut pobltO strips in 
fiJI future tests. 

T.;tnr.E 2.-1nj!uellcc at trcatmcnt of se/(>ciul )'(/ lr ('Itt potaloes on (I I'll 11/(1 Itel', 
oil contOllt, ((nil yield of frellch fries 

l·--·'~--

_._._~~.__~~~:!)~~:~:~, _.~.~1_Frenel,l.frW<l pOln~ 
Vnrlely nnll location I ill \ 

i.' SpeciUc I, Trentmeul1 'I Dry runt'j Dry rullt-!, OU coo- Yield'
I j!rnylty I t~r ler I tent 

--------.--.(~--:-~----- ~T;;::_i percf~T~::;;:: 
.. If I.O!:O Upwashco{l... : .•. ! 1!:,6 I 4:!.O ! I~.~ 5I.9 

Ch1ppe\\fi. ~rnlne...... _...... ___... 1.0,0" fished qUIck)} __ ', 11.~ 40.S J L._ 51.0 
I J.070 Soake(lIOmfn..... ' 17.4/ 43.2, 10..5 53.0I{ 1.100 Unwashed.... . I 25.9 I 5.'). fi ! 10,9 54.6• Russet Burbauk: W1lShiugton..._., 1.100 Wns!le<l, qlli~klY"'1 *,u, I 57. ~ 'I It.~ M.lI 1.100 SonkcdJQmlll..... ~·1.0 5,';.1 lld M.a 

------------------~--~--------
I Each treatruent lInd 2 replleatJons. 
, Based on raw cut weight of seiected 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 a rapid drop in the temperature of the oil, from 1950 C. 
(3850 F.) to approximately 1320 C. (2700 F.), occurred at the be­
ginning of the 2-minute first-stage frying period, followed by a small 
but consistent recovery. During the 4%-minute seconcl-stage fry 
there was a drop in oil temperature from 2100 C. (4100 F.) to approxi­
mately 1820 C. (3600F.) and a recovery of 70 to 150 C. (120 to 270 F.) . 
Although these temperatm'es and the total cooking time 'were adequate 
to fry the potatoes to doneness, the finished product '.vas less mealy and 
more oily than desirable. A high initial temperature helped to com­
pensate for the drop in temperature, but, even so, with the 3 to 1 ratio 
of oil to potato and a 2-l11inute time for the iirst-stage fry the drop in 
temperature indicated an overload on the fTying kettle. 

This preliminary 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 6me for second-stage fry with a 
higher ratio of oil to potato woulcllessen the drop in oil temperature 
and thus give a higher quality product. 

In 1951 the higher ratio of oil to potato (8 to 1) and longer first-stage 
frying time allowed a somewhat lower initial temperat1.ll:e ancl brought 
about better recovery of oil temperature before frying was completed . 
.A higher initial temperature and a, lower moistm'e content of parfrieci 
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 oil by the potatoes and is associated with a high-quality product. 

Six time combinations-4:%, 2; 4112, 1;'2 ; 4 j 2; 4, 1112; 3112, 2%; and 
3%, 2 minutes for the frrst- and second-stage frying, respectively­
we~ employed with the 4 sample lots of potatoes used that year. With 
an initial oil temperature of 1850 C. (365 0 F.) for the first-stage fry, 
the tmIlperature of the oil dropped to an average low of 1510 C. (3040 
F.) within a period of 2 minutes. This drop in temperature is similar 
to that report.ed by Benes, Carlin) and Logan (8), which was from an 
initial temperature of 3700 F. to a low of 3200 for an 8 to 1 load for 
approximately the same frying time. Lowest temperatures recorded 
in the 1951 study (1510 C., 3040 F.) were well above tlle 2650 to 2800 F. 
temperatures occurring chu'ing a 5-minute period "'ith ll. :I: to 1 load 
reported by Benes, Carlin, a,nd Logan as not making a satisfactory 
product. In the second-stage fry the oil temperaturc ch'opped from 
aninitialtemperature of 1000 C. (3000F.) to an averagc low of 1000 C. 
(3740 F.) within 1 minute ..AJthough the specific gravities of the 4 
sample lots varied from 1.075 to 1.005, there appearcd to be 110 effect 
on drop or recovery of oil tCITlperature due to this variation. 

French-fried potatoes were scored for palatability by 4: Jaboratory 
staff members. lUthough no single time period combiliation was best 
for an characteristics, a comparison of the scores indicated that in 
color, uniformity-of-browning, tendcrness, anci flavor potato strips 
cooked 4 minutes in the Hrst-stage fry and1Yz minutes in the second­
stage fry were as good as or beUer than those cooked for other time 
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• 
period combinations. No definite trends 'were established for lack-of­
oiliness, crispness, and meaJiness. 

From results of moisture analyses and ,,"eights of the 24: cooking 
samples it appeared that dry-matter content and yield of french fries 
were related to total cooking time, that is, the, longest cooking tillle 
gave highest dry matter and lowest yield.. .. . 

In 1952, 5 sample lots were selected to establtsh cookmg tune pel'lods 
with the counter-type eledric fry kettle. These lots repre:;lwtetl 5 
specific-gravity classes, 1.0G5, 1.075, 1.ODO, 1.105, and 1.110. A few 
exploratory tests jll(Ueah.~(1 that the automatic temperature control 
prevented 'the extrem'~ drop in temperatme previollsly experienced 
w'ith t'op-of-range fryers and speeded initial heating as well as 1'e­
co,·ery of oil tenlperature during the frying process. Thcreiol'P, lower 
tcmperatures were needed. than those used with top-of-range fry 
kettles. An il1itial temperature of 1820 O. (360 0 F.) for the first­
staa:e fry was t-hen used with ,"arying time periods of 3, 31/2, <1, and 
1Y2~l11iJlutes. The initial temperature of 1DO° C. (375 0 F.) for the 
second-stage fry was nsell with only one time period, l1h minutes. 

• 

The drop in oil tC'mperfliure during the Lirst-stage fry f1"l.)l11 an 
initia.l temperature of 182 0 C. (3(j0° F.) to an ayerage of 156 0 C. 
(;n:3° F.) ,n\s less than occUlTed the previous year when top-of-range 
fry kettles were used. Thc maximum drop OCCUlTed ,,,i(-hin 1111inute 
and t-hc tcmperntlll'e rctul'lled to 1710 C. (3.u 0 F.) by the cnd of the 
first-stage fry. Dur.ing the second-stage fry, the- oil temperature 
dropped fJ'ollllUO° C. (375 0 F.) to an average of 1810 C. (:358 0 F.) 
in :25 seeonc1s :lIH.lrecOvel'ec1 to 18Jo C. (3640 F.) by the end of the 
lY2-minllte cooking time. 

StatisfiC'al :lnalY!':js of palatability pancl judgments (tablc :3) in­
dicated that differences dlle to paril'.}' timc were small in 1"C'I:1t:io11 to 
vm:iety-loeation diLterences. ",Vitll ,":trions sample lots the e(rect of ~t 
specific cooking time on somc of the palatability :factOl'S was no(' c le,lL' 
cut. In some cases a. ~hol'tcr first-stage :fr,\' gaye higher sCOrcs than a 
10l1rrer 0]1C', altltourrh clilrC'renees ""C'rc sli!!ht and si!!ni (kant ill onl \' 
n, fe,\\, instancc::::. Scores for J:lck-o:f'-oililless and nlPftlinC'sR ,ye]'(~ jil 
gC'neral as high with the longer lin::t-Rtnge :l'1"Y, find in some cases 11 igher 
than a :::hori' .lirst-stage fl'Y; the (lr'y"llmtt(>r content of thc french fries 
also wus higher. Howc,'el', yield of french fries dC'c["C'aRcd with 
iuereas('c1 cooking. 

In cOllsidel'ntion of all facto1's (',ol\('C'rned) a -P/1-minute. time. for 
first-stage fryil1Q' was seJeet:ed :for use in most of the subsequent tests. 
",Vhile it is recognized that in ('omIHon practice it llla,'y not be (lesirablC' 
to use a· constant time for the first-stage frying because of: the Ya.L'iR­
hility in response. of diftel'ent lots of potatoes, it wns ('onsicll'r('(l neces­
silry in these studies to maintain a stanclard frying Pl'ocC't!lIre. 

RELATIONSHIP OF SPECIFIC GRAVITY TO PALATABILITY 

• 
Specific gravi.t:y o:f raw potnf:oes has been recog11izecl :l'ot' a nnmber 

of years as a. measure oJ certnin qualities in potatoes, but little has 
appearecl in the literatme concerning the relationship of specific gl'av­
ity to the palatability characteristics of french-fried potatoes. In 
the studies reported, a. eli O'crence of opinion is noted. Grieg and 
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TABLE B.-In.flllcnce of cookinu time on the Qlla7if.1I of frcllch-fricd. po/a/oe8, 1952 ('rop ~ 
----------;-------;--------:-.--~'--..--~------------------

Row potntoes Cooking time French-fried pot(ltocS ~ 
--------~--~-~-~-- t:I:!

",[~'Il palntnblllty scores 1 I I 
ynrIety Ilond location 


8 
 'n I D ! Fitst- Second. 81 D • I 011 ~ 
peC! e ry stage stngu' 1 I 1 lenr rs I Ylcl<l • J?j

gravity mottcr fr5' fr)' , Uniform· J.nck-of- Tender- Crisp- ",rcall- '.. force mutter content 

I 
>-3Color Ily-of- olllncss ness I ness ncss F1.1\ or

bro\\'nlng ~ 
1---1-------------------------------1---1-------- ­ ... 

Pu. Per· Per· Per· ... 
cent A[j1/ul.. Afillutes Pounds cent cent cem .... 

t.:I16.2 3~ I~ 4.5 4.5 2.9 4.9 2.6 2.1 4.1 1.7 45.0 13.0 51.2 
Chlppewo: Maine•• ___ • __________ 1 1.OG51 17.0 1 4 I~ 4.1 4.1 2.0 4.9 2.3 1.6 3.6 1.4 46.8 12.8 50.1

{ 16.7 4~ 1%1 3.0 3.2 2.0 4.9 2.0 1.9 3.6 2.1 48.11 13.8 47.0 
2·1. 7 3 IH 4.5 4.1 4.3 4.0 4.4 4.2 4.7 .1. 0 5G.3 11.9 55.7 ~ 

IrIsh 9ohbler: North Dakota•• __ _ 1.105 I 24.7 3!4 lY.\ 4.2 4.0 4.5 :l.O 4.3 3.9 4.8 5.1 57.2 11.4 54.2{ ~2G.0 " I~ 3.S '1.0 4.5 :J.O 4.4 4.1 4.0 5.3 60.2 11.9 51. 7 
22.5 3 1M 4.2 3.9 4.0 4.0 4.1 3.4 4.7 2.5 52.8 11.4 54.2 t:::l1 090 I 22.6 a)1 1M 4.6 4.4 4. I 4.4 :1.8 :l.5 4.9 2.7 53.4 12.2 54.1Katahdin: Colorado._._••••_••• _. • 22.4 4 1M 4.6 4.4 4.:1 4.3 4.1 3.6 4.9 3.0 5ti.S 12.0 51.5{ ~ 22.9 4!~ lY.\ 4.1 4.0 4.2 :1.0 3.11 :1.5 4.1 :1.4 58.1 12.0 49.4 ;:l.{ 20.4 3M 1M 5.1 4.7 3.U ·1.S 4.0 :1.:1 4.7 2.0 50.. 2 12.8 51.5 

Kennehee: ?fnlnc••___• ___ •••• _.•. 1.075 I 20.7 4 1M 4.0 3.S 4.1 4.2 3.7 3.1 4.4 :1.4 52.4 13.·\ 48.8 o: 20.1 4M 1M 4.9 4.7 4.S 4.5 4.1 3.5 -1.9 :1.0 52.S 1:1.0 47.7 ":l.{ 26.4 :1 1~ 4.0 3.3 4.0 3.7 4.71 4.5 4.0 4.0 58.3 11.1 flll.O 
Russet Burbank: Washington. __ • 1.110 I 26.4 3}1! 1)~:1.7 :l.l 4.6 3.0 4.6 4.S 4.5 5.3 58.7 12.2 54.S >­

25.8 4 l)'\ili 3.6 3.1 4.4 3.6 4,4 4.5 4.3 5.001.612.4 52.0 o 
i':l'_ I I H 

11\fenn of 10 yalue.s (2 ropllcntes by Sludges). 5 reprcsents the optimum score and 1 the poorest. 

2 Color was scored on a 6-polnt scale on which 6 represented too light a ~olor and .5 optimum. 8 

I Based on raw cut weight of selected strips. 
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FHENCH-FRYING QUALITY OF PO'rATOES 17 

Smith (BO) made a study to determine consumer reaction to potatoes 
classified according to speciiic gravity as "bakers," "boilers," and 
"fryers." They designated those tubers with a low specific gravity 
of 1.070 or less as fryers. Cobb (1f3) reported that potatoes with. a 
specific gravity below 1.075 will cook up soggy and are best for fryiuO' 
or salads. On the other hand, Alexander and coworkers (4) reported 
the desirability of selecting mealy rather than nonmealy potatoes for 
french frying since they found, in Katahdin potatoes, that the mealier 
potatoes gave better quality ft'ench fries. Gould (19) and Terman 
(31) stated that potatoes of high specific gravity gave larger yields 
of french fries with lower oil content. Other inyestigators (.'37) have 
sho\y.11 the same relationship to be tl'ue for chips. 

In 1951, 15 samples 0'£ potatoc.'l, rangin~ III specifi.c gravity frolll 
] .OGO to 1.105, were selected from 4 nu·jebes with ;3 to ;) samples of 
clifferent specific gravities from each variety. '1'he mean scol;es for 
the palatability charactel'istics and the llccOlnpanying compositional 
data are given in table 4. 

For all varieties except Tri umph from North Dakota, scores for 
hld;:-o:f-oilil1ess, el'ispne~s, amI meldiness show a gradual increase as 
sppci1ic gravity increased. Analysis of variance and covariance 
analysis indicated thllt the influence 0:1: specific gmvity on these factors 
is :-;igni(je.mt. ('0101', uni fOI'll1ity-of'-ln'o\\Tning, tenderness, anel flavor 
did not itppeal' to hnve it linear relationship with specific gravity. 
.\n increase in the dry-matter content of the raw strips and of the 
completely fried strips, a t1ecrease in oil content of two varieties, and 
n. slight increase in yiei<l 'n~re all found to accompany the il1("rease in 
scores for crispness and meal iness. 

The relationship of lack-of-oiliness, crispness, nnd mealiness to 
speci lie gl'avity is shown more clearly in table 5, where the coe1licients 
of regression represent tl1e change in the mean scoreS fOt" tl1Cse 3 
palatability :fadors for each 0.01 C'hange in specific gravity. A num­
ber of statistieally significant coeflicients \\'ero obtained for the vari­
ous individual variety samples, C\Ten though they represent relatively 
short rnnges in Sl)()('ific gravity. The coelfieients for the l,verages of 
:11l. ntl'ieties we1'(, highly ~ignificnnt for .all 3 palatability clutl'act.er­
lsbcs. A test of tlle Yal'lety means ad]uste(l to n, common speClfic 
gravity indicated that. thc di f1'el'ences between varieties in scores for 
crispness wcre CtlUfietl by dill'el'cnC'es in spccific gravity. Although 
adjusted mCIlJ1S for hck-of-oilinccis anel menliness ,yere still signi[i­
cantly c1Urerent, specific gravity did not explain the differences ob­
tained bebyeen variei"jes for these chllracteristics. 

In 1D52, clll'efulJy replicated Rnmples were preparcd from each of 6 
Yal'ieiT-locatioll ]oin (l,t :1 or 4: s('lc('iec1 speciJic-!!Ttlvity ]c,'e]8. In con­
h'ast fo the Tesults of' ihe prcceding year, all~p[LJatability character­
istics were :found to be. alfectecl by the speciJk gravity of the potatocs. 
The mean palata.hility scores arc giycn in table G. Except :for tender­
ness, all scores jelld('cl j'O incrcase 'with an incrcnse in specific gravity. 
.A romp:u'ison of SN)l'(,S for a single pltlntnbility c11[\mcteristic within 
a given specific-gravity level showed a slightly higher !lumber of 
significant difl:el'enccs behr('en variety-location lots than expectecl by 
dllll1('c alone. The c1:iJJ'(,l'enccs occun:ecl most frequently for men.lincss 
and {blvor. The data :for tlll'8C cl\nJ":lci('l'isiics indicate thnt the c1if­

http:clutl'act.er
http:igni(je.mt
http:sho\y.11
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'J'ABLl'l 4.-In}l1lence oj specific gravity oj raw t1tbers on quality of french-fried potatoes, 1951 crop I}'rench·fried potatoes 

I 
t"' 

Ra,,' potatoes Cooking time 
"'lean pnlatnbiHty scores I 


Varicty and location 
 --- on
Dr~' con- Yield'Flrst- Second- Uniform- matterSpcrlflc Dry Lack·of- 'l'ender- Crisp- Menli- tcntstage stage Color 2 Ity-of- Flavorgrnl-ity mutter oiliness ncss ness ness 

fr~' fry browning ~ 
----------------------------------------- "' .... 

Percent .l\{inules . j\finllies Percent Percent Perrellt .... 
111.2 ·1 1)1 3.8 3.6 3 ? 5.0 2.8 2.8 4.6 49.2 14.1 44.4 oj:.!'1.060 t.:>J 1. 06li 11l.7 4 1)1 3.4 4. -1 2.S 4.6 2.4 2.6 4.2 49.ti 14.1 42.7

Chippewa: Maine _____ ••________._. ' 1.070 1S.8 4 H~ 3.5 3.8 3.5 1.2 3.0 2.5 3.8 53.0 14.2 45.9 
1.080 20.S 4 1)1 4.0 3.8 g.S 4.6 a.7 3 ? 4.5 55.2 13.3 46.4 

, 1.085 22.6 4 1)1 3.3 3.8 4.0 4.0 3.8 a.3 4.2 56..! 13.0 47.6 ~ 
1.075 18.9 -1 1)1 4.3 4.0 3.4 4.4 3.1 2.9 4.2 51.8 13.1 46.6 

Grcen "'fountain: Nell" York .. __ •.• { I. OS." 19.9 4 lH 4.6 3.4 3.8 4.1 a." a.3 4.1; 54.5 ]2.2 47.4 rr. 
1.090 21. G 4 lH 4.8 4.2 3.8 4.2 :1.8 3.5 4.0 511. :J 12.3 '18.0 
1. 085 21.1 4 1J1 4.8 3.8 .1.1 4.a 4.0 3.9 4.'/ 56.0 12.0 48.1 ~ 1.000 22.3 -I l~ 4.9 :l.9 4.:3 4.2 4.0 4.3 4.5 58.4 12.5 48.4Russet Burbank: Washington ..... I { 1.100 25.5 4 1)1 4.9 4. t 4.(i 3.9 .1. Ii 4.8 ·1.9 62.7 12.1 ·18.2 
1.105 25.1 4 1H 4.8 4.1 4.8 3.7 4.7 4~ 7 4.9 Ii!!. 7 12.2 49.3 ~ 
1. 070 19.5 4 IJ1 3.-1 :J.7 3.4 'I. -I :;.:1 2,8 .1.1 ~2.:l 13.7 46,9 o'1'riumph: North Dakotu __ . ..- i{ 1. 080 20. U .j :l.l 4.0 3.5 a.9 :1.2 2.8 :l." 56.5 14.:l 47.8 
1.085 22.9 4 1~1 3.2 -1,0 3.4 4.2 3.a 2.7 3.U 56.1 13,ti ·17.8 ":1 

~~-
~. ~ . 

~- ~-- -~- ~- -~.--- ------ - -- - -- ----- -- - ....- ::­~ o 
I Mmm of 10 values (2 replicates by 5ludges). 5 represents Lhu optimum score and I the poorest. 

2 Color wus scored on n O-p'llnt scalc on which Qreprcsented too light a color and 5 optimum. el 

• Bused on rn\\' cut weight of selected strips. 

, ~ot replicated. 
 I

~ 
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ferences were not '"lll'ietal 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 Irish Cobbler samples, but at the 
specific gravity of 1.095 the score was higher for the Katahdins tlUlll 
for the Irish Cobblers. 

TAnLE G.-Menn plllata,1iility 8cores allll regression cochlcients' -relating palata­
bility Of [re1lch fries 'With specific g/,l(.1:itV in 4 'l:arietic,y of l)olaloes, 1951 
('rop 

-----~ 

Lnck-of-oiIilJCSS I Crispness ! ~rc!lliness
]

Rp!'cific­
Vnl'icty nncliocut.lon g-ra\'ity 

range Menn IHegn's- l\rcnn I~}~~rg~: negrcs­ll'fenn~ sion co- slon co­
score efllcient' score efficient' 

Chippewn: ",lninc _______... ______ --=-~ 
L O(iO-1. 085 3. 50 I +0. :18:: 3.24 +0.55- 2.03 +0.28Green Mountain: New York. _____ 1. Oi5-1. 090 3.6·1 +.28 3.00 +.50' 3.25 +.40Russet llurbank: lI'ashlngton. ___ 1. 085-1. 105 4.,15 +_35"1 ·1.3·1 +.42'Triu1llph: North Dakota ........_ 4.431 +.42
1. DiD-I. 085 3.-15 +.01 3.28 -.02 2.72 -.05 

A "eruge ___________________._ -----
L 000-1.1051 3.83 +'29··i3.G5r+~ 3.42 +.30" 

-
I In,(!lcntes chnnge iu mean paiatnbility S('OI'O for n O.Ollncreasc in specific gl'3\'ity . 
•• SIgnificant at th~ 5-pcrcent ie"ci; .. significant at the l-percent lcn'!. 

• 
The relationship of speciiic gravity to the various pa1a.tability char­

acteristics of french-fried potatoes as ShO'Wll by regression and cor­
l'ela.tion coeilicients is given in table 7. Color, tenderness, and 
lllliforl11ity-of-browning- gave the lowest correlation coeflicients, but 
an colIicients were statistically significant. Similarly, all regression 
coefticients ,,'ere signiiicant. Except for color and llniformity-of­
browning, the above coefficients were based on all the C1n.ttl pooled for 
the (j variety·loca,tiol1s. Those for color and uniformity-of-browning 
we:re based only on the variation within variety-location. For color 
and uniformity-of-browning, the regression .fitted to the means of 
variety-location lots indicated 110 linear relationship with specific. 
gra,rity. .Although specific gravity ]illearly influenced the color and 
uniformity-of-browning withbl it variety lot, the lack of a linear be­
tween-mean regression implies that for these :2 characteristics some 
factor other than specific gravity differentiated one variety-location 
Jot from another. Variation between lots in reducing sugar content 
was one of the factors cal1sing a dill'erence in varietal response in color 
and uniformity-of-browning. .All other characteristics were linearly 
related to specific gravity, and the relationship was apparently unaf­
iectecl by other factors which may dill'erentiate oIle variety from 

• 

llnother. 
The linear rela.tionship of lack-of-oi!jness, tenderness, crispness, 

mealiness, and flavor with specific gravity is mustrated jn figure 1. 
The I'egression Jines are based on coefficients obtained from all 6 
variety-location lots and do not represent any particular lot. Meali­
ness and crispness are influenced to a great extent allcllack-of-oililless 
[md flayor to a somewhat lesser extent by specificgra,vity. Scores for 
a114 characteristics increased with higher specific-gravity values of the 
raw tubers. Scores for tenderness, on the other hund, showed a slight 

http:0.55-2.03
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~'AIlLE 6.-Mclln palatallilit11 8(:01'£'8' of frCl/ch-frit'll pota/·oes fol' (j variety-locatiol1B (It selectell 81JCcific-fll'Ilvitll levcls, 1952 CI'OP ~ ,--------"< ,---",>~--<---~'-"---

Palatability score when specific grnvlty ls ­ ~ 
rulatabllity characteristics Variety and locntion --.----..--,.---.---.---.---.,---.---1 Test dlf· ference , to

1.060 1.070 1.075 1.0S5 1.090 1.005 1.100 I 1.110 I.tJ5 q
------------ ----------------------,---,---,---,---,---,---,---,---.---.--- ­ ~ 

Color '_••_•.•••.•,.__,._.___•. ~l~~~~I~~€~J~~~~~~~~~~~~~~~~~:~~~~~~~~~~~~~~~~~ :=::~~~: :=:~;~~: ::::~~~: "'Tr ::::j~~: ::::l~g: ~~~~~~~~ ;;:~~~~~ ~~~~~~~~ 1 
1.1 ~ 

lrish Cobbler: North Dakota .._..._...........................................-....-- 3.7 ' 3. 3 ~. I >1.7 --.----- f

Russet Burbank: Washington ____________ ._ ••• __ •••_. __ ••.• _ .. __....._____.......... __________•• __ ._ ·1.2 ·1.:1 4.7 .... 
....--------------------------- ,...

Average.._______ ............._.._..••__ ._...... _ 3.7 4.0 4.2 4.:J ·1. I 4.2 4.4 4.5 4.7 

~l-=>==- ';';:..-=== =-=-=~ =--..--= = == 

Chippewa: ~ralne. __ .._..___.....__ ........_••• __ ._.. :1.4 3.1 4.2 '_'''_'_ '''''''' •__ ....__ •• ____ ...__ •_____•• ___ • 

Katahdin: Malne _______ •______ .._. __ ..... __ .......__• __ ._._._ 4.3 .1. S 4. R ...... __ """" ••______ •___•___ ......__ 
 ~ 
Katahdin: Colorado. ________ ._.._____ .............. __ ..........._.... ___ .____ 3.2 :1.9 ,1. Ii 4.5 ,,,,,_,, ••• __...
Un!formity-of·browning___ •••__ rrish Cobbler: :IIfnlnc__ ....____........_"'__ ""'"'' •• ___ .•. __ "'''' ., .••__ • 4.5 .1. 2 >I. Ii • __ ..__ • __..._......__•• 
 !'Il1.7lrlsh Cobbler: North Dakota ___ ..__ ........._..__ ..........._ ._...... ._...... __ ..... a. G :1.5 4.0 4. G 
Rnsset Burbank: Washlngton ......... __ •••••••_••••••.• ___ .._ , __ "_,, ...._••• "". __ , "" __ ,, .....__ . 2. \l a.9 .1. 0 t:1 

M
Average..__ .. ___ •._....._____ •••• __ •••••._. ____ • 3.4 3.7 4.5 4.2 ~.9 '1.2 3.8 '1.2 '1.0 '"d 

,,""-~.,.-=I""==I=~=I~---='-~I"'-=.=I=-=I~-I="'I= ;:l 
~~~~g~l~: lr;~~ne~:::::==:=::::::::::::::::::::::::::: ____ :~~. ~: ~ U ".0 ....-- .. -:::::.: .:::.::. ~::::::: .::::::: o 

I ack.of-oUlncs., IKatahdin: Colorado ________________ •____...__ ._... __ ••--.---- .--.-- .. -- ...... :J.Il :1. i :l.1l 4.2 ...... ' ....... - ":l

•. --...........--- lrlsh Cohbler: :IIllIlnc...____________ ••• __ .....____... .....___ ...... __ " __ ' __ ' :l.7 4.0 a.o ................ ",___ " 


1.0frlsh Cobbler: North Dilkota __ ...__ •_____________......__......__..._ ________ ________ .1. 2 3.0 .1. I ·1 .•' .... __ •. g;,Russet Burbank: Washlngton ______ .......___________ -------- ....---- -------- ..----.. -------- -----... 4.·1 4,7 4.5 
 ::u! ---------------------------
Average._____ ...._____________ . __ .... __ ..... ____ 2.4 3.2 3.3 3.0 4.0 3.0 ·1.2 4.6 ·1.5I ========= 

r~~~~~~: l/~~e~~::::::::::::::::::::::::::::::::::: ____~~:. t g t ~ --"ra- :::::::: :::::::: :::::::: :::::::: :::::::: 
'l'cnderness '1 Katahdin: Colorado ____________________ •___ ._________ -------. -------- -------- 4.3 4.2 4." 3.9 -------- ________ I· ~ ---- ........-.--.-- IrlshCobhlcr: Malno ______•_______ ••_____________ .._________• ________ ________ 4.2 '3.u 4.2 ________ ..____________ __ 
 ::uIrish Cobbler: North Dakota. ____ ...___________________________________...__ • ________ 3.0 4.0 3.7 :l. S ______ __ .5 t'JRusset Burbank: WlIs11lngton..... _______________ ..__________________________________ •______..______• 4.0 4.2 :1. 7 t 

A '"erago__________ •_____________________ ..______ ' -U-U-U1~1---:i:iJ -----:t2 ---:i:iJ~3:7 
====,=====1 



• .' • 

Crispness................... '--1) ~~~~1~II~i~f1:~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ==::~~~: ====~~~= ==:=~~~= ''''~T ====i~i: =::=~~~: :~~~~~~~ ~~~~~~~~ ~~~~~~~~l 

.9Irish Cobbler: North Dakota ••• __••••••••.••••••••.•••.•••••• """" •••.•••• .••••..• 3.5 3.0 4.1 4." .•••••••
I Russet Burbank: Washington ••••..••••••••..••••..•••..•••• , .••••.•• '_'_"" .••.••.•••...•, ••..•,... 4.1 4.5 4.5I A'"crago......................................... 1. ~ _2. 1 2.6 a.2 _ 3." 3. ~J 4.2 4.4 4.5 


Mealllless......... _
.•...••••••••1 ~~~!~~a~I~~~~f~I~~~~~~~~.~~~~~~~~~~~~~~~~~~~~~~~~~~~ ==:=~~~= ==::~~~: ::)~~: ·"Tr.:::·:~~~= ::::~~~= ~~~~~~~~ ~~~~~~~~ ~~~~~~~~III 
.6 ~ 

I Irish Cobhler; North Dakota ........................................-j-...............; :1.5 • 2.6 :l.U 4.0 ....... . t'l 

: Rut1Sct Burhank: ,Vashlngto'L ....................... .:.:::::::: ':'::::::::1':':::::::: ':'::::::::1':'::::::::':':::::::: ~~~ 


! Average.... ..................................... 1. 5 1. 9 ! 2. l' 2. U I a. 1 I ;l. 0 a.8 4.2 4. a !
i =·=·==-~,"=·-1===·==·,1 ~ 
·lc.hiP/lowa: l'faine.................................... 3.0 I. :1.81··.... ··· ............... .1........1
• :l.3 I ......... ""'''''.'. 

. l~lItn Idln: l\llllne..................................... ......... 4.31 3.8 4.2 ................ '........................: 


]o'la\, r I I~atllhdln: Colorado.......................................... \.. ••••..1·..••..• 4.0 4.0 4.81 4.81·......• ....... . ~ 

o ....·-_ .. • ..·•··•• ..····i Irish CohhIer: l''1nlno ......................................................... ; -1.3 • a.8 4.R ,........................ , 


.fj
j Irish CobbIor: NortlJ Dakota ................................. :........1................. 4.3 '3.D I 4.8; 5.0 ....... . Z 
o: RllssctDllrbank: Washlngion ........................ ,................1........1................. ......... 4.4! 4.8 4.8


·--I-I-'---- ­j A\Wnge................................_......... 3.01 3.8 3.81 .,.21 4.2 4.5' 4.71_ 4.9 4.8 I
j ~ 
1 Adjusted for session diITeronecs. :Moon of 10 vnluos (2 repllOlltes by 5 judgos). 5 represents tho optimllm seorc; I tho poorest. 
1 ,\ny 2 vnriety·locatlon means llllving n ditIoroneo as largo as or larger tban the tost ditIoronccs nre slgnlficuntly dllfercnt lit the 5-llorcellt lo\'cl. 
• Color was scored on 3 6·polnt SL'3lc 011 whlob 6 ropresentod too light a color nnd 5 optimum . § 
• Significantly lowor o.t the 5-percent 10\'01 than at least ono othor vorioty·loeatlon IIIOlln score witllin tho sarno specific gravity as rne:1slIrod by tC!;L dllIcrcllcc. 
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TABLE 7.-RcgrcS8iOn 1 a/l(I correlation. cocfll,ciClIts l'e/aUtty Jlaratabil.it-y of frelleft­
tJ'ierl }JOt(l.tOC8 'With 8peciflc gravity, 1,95.2 c/'op 

Regression CorrelnUonPnlalnbilily chnmcteristics •coefficients • coe!!icients • 

Oolor••••••._. __ •••.•_•••.•.•.•._.•••_•••.•_•._._._____ •••_••_••_•• __ •• __•••• +0.61'
U niforml ty·of·hrowIling ..•.••_... , _._•••_•••_. __••••••••_. ________ •_____•••• +0-79·" 
LQCk-of-oiline~ ___ ........._..._____ ._....___ ._. __ •____ ._•• __ •___.•.•.•__._ •• 
 +.92"
Tenderness.•••_••• _.... __•_ . , __.".,. __.••" __ •_..•••• _.____.... ___ . _••••••. -.77··
Orispness •• ____._. __•________•••_.• __ ••••_._ "'" __ . _ • ____ ., ......... __ ..... . 
 +.00" 
1\ienliness...... __ ••••"._.____._. _., _....... __.... _._,. __ ........ _••__ ._.,_. +.93"

Fla.vor•.•__ ••_••_.____..._.__....._••• __ •__ •••••• _. "'''' ••_.._. __•___ .. __ ... +.83" 

I Indicutes chango ill menn pnlntability score. for" 0.01 jncn'us{) jll specjfic gmyj ty.
• ' Si!;llificnnt at the p·percout love.l; •• significant at tho l')J~rcent 10\'e1. 

but significant decrease as specific gl'H.vity increased. Although the 
shear-force values do not show any very definHe trends, a sigl1lficant 
correlation coefficient of - 0.47 with tenderness was obtained. This 
coefticient indicates that only 22 percent of the Yariancc in tenderness 
scores of these Jots is explained by the vn.riance hl s)1car-force values. 

1Vithin each variety Jot, the percentage of dry matter in the raw 
samples increased 'with increasing. specific gravity (table 8). Dry 
matter and yield of french fries tended to increase with higher specific 
gravity, althougl1 cooking time 'YM3 also a fnctor. OJ] c0l1tent was 
gene1'lllly lower hl the higher specific-gmvity lots. 

- Specific.gravity distribution >­v 
cSCORES .. 

Mealiness ::> •
Crispness 

Lack 01 oiliness 
 .._-,_J._ flavor 18 

1 
'"a 

tT 


...'" --- Tenderness t: 

or: ..160 5 l:! 
V .. 
'" >- 14 

I:\. 

I ­
::; 

.4 12 z 
iii 0;=< 

::II- 10< al 
oJ ~-< l-
I:\. 3 8 on 

Z C 

-< 6 >­'" !::~ >2 .4 -<or: 

C)2 J
u::I I u

1.060 1.070 1.080 1.090 1.100 1.110 1.120 ... 
I:\. 

SPECIFIC·GRAVITY CLASSES '" 

fiGURE l.-Spedflc gravity distribution of potatoes from six variety·locations, 1952 crop, • 
and regression lines of mean scores for various characteristics on specific gravity. 
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1'AULE S.-influence oj specific !lraritJl oj /"1//1: tuuerl! on dry //Iat/e!", eookinu lime, 
oil cOII/ellt, sliellr joree, (l1I1i 1/iel(l of 1rellch-jric(l po/a toes, 1952 crop 

Ruw potal.oes Cookln~ time Frcnch·frled potatoes 

Variety and locution 

SpecUlc Dry 

gl"l\\'ity mutter 

Perren I ,\finutes lIJinutes Percent Percent Pounds Percent 
1. OCJ() 16.1 4M 1',1 4G.3 13. 6 2,2 46.8Chippewa: Muinc ________________ { 1. 070 17.8 411 l)~ 50. 6 13. 9 2. 1 47.9 
1.075 18.5 oIM 1!1i -t9.8 13.3 2.0 50.8 
1.085 22.1 4 11~ 5·1.4 12.0 a.7 50.6Irish Cobblcr: lIfulnc ____________._ { 1.000 22.7 .j 114 56.212.1 3.4 50.3 
1.005 24.8 31'; lY;l 50.2 11.8 3.5 52.2 
1.090 22.3 4 55.1 12.7 3.8 50.9H" 

IrIsh Cobbler: North l'lnkoln.____ { 1.005 24.1 3!~ 1!1 5·1.5 12.1 ·1.3 52.3 
1.100 23.0 :H'i! II." 55.7 11.8 4.1 52.4 
1.110 27.0 3 US' 56.S 11.4 3.4 55ps 
1. 085 22.4 ·1 ])~ 54.2 12.·\ 3.5 51.0 

Katllhdill: Colorado _________ ._ ... { 1.000 2i.5 4 H'.!1 52.3 11.8 3.0 52.2 
1. 005 24.4 31{, lH, &1.4 11.6 3.2 &1.2 
1. 100 1 5·1.2 ll.8 3.:1 53.12-1.71 3 ;' lHI1.070 20.2 Ai, 1)1 52.6 13.8 2.7 ~9. IKatahdin: Mulllc___________ •____ { 1.075 20.8 4j2, IJ~ &1.0 J3.li 3.4 .IS.4 

22.1 " - 1~1 M.l 12.(; 2.6 50.5
1.085/1.100 20.2 3.1~1 IH' 50.0 12.1 4.4 55.7 

Hussct Durbank: ·Wushington_.__ { 1. 110 ,'- 0 ' 3 Jl/nl 57.4 11. 21 5.1 56.2 
1.115 28: 6! 3 1~~ 58.] 10.G ·1.8 56.9 

I Based on raw cut weight of sei~clcd SU·!ps. 

EFFECT Of STORAGE OF TUBERS ON PALATABILITY 

"'Trjght and CO\YOl'kel'd (88) reported on the qUllEty of french-fried 
potatoes nmde from Irish Cobbler, Green ~:[otUlta.il1, Russet Bnrbflllk, 
imd Katahdin potatoes of the 1931 crop grown at Al'lb1gton Farm, 
Rosslyn, Va" and stored under differcnt conditions, Frenoh fries of 
golden-yellow color, tendel' texture, very desirable iitwol', and vet'y 
good geneml qua.1ity were obtn:ined from tubers stOTed at 50° or GO° 
F" wl1ereas tubers of the same varieties stored at 40°, 3Go, or 32° gaye 
french fries of :il~cl''Casingly dark c~lor, oily t~xturc, burneel ~\Yeet 
flavor, and lllldesu'able general qun.lIty. Chenucal analyses of raw 
tnbers made at the same time showed an increase in rcduci11g sugar 
with a corresponding decrease in stornge temperature, 

In 1930 Swcetman (128) founel that potato chips ma.de from pota­
(oes of Green Mountain, Bliss Triumph, and Irish Cobbler varieties 
storcd 2 \yeeks or more in commercjal cold storage (32° to 37° F.) 
,,'ere very much darkcr than those made from tubers of the same lot 
when used at the beginning of the study or when held illstor~ge ftt 
..1:00 to 55°, 'Wright and Whiteman (39) reported in 1948 that potato 
('hips made from both Gl'een ~£ountain and Triumph tubers storeel 
g months at 55° were unsalable and that tubers of these same varieties 
after 3 months' storage at 40° could not be satisfactorily desugarecl 
nt 70°, 

In 1950 Terman, Goveu, and Cunningham (31) reported that Maine 
potatoes of Green Mountain, ~fohawk, Kennebec, Katahdin, and 
Teton yarieties when stol'ccl at 3Go or 40° F. for 3 months were high 
jn sugar and made french-fried potatoes too clark in color to be satis­
factory, At 50° storage, Kennebec yariety was genemlly satisfactory 
when held ns long as 5 months, whereas 4 months proyed unsatisfac­
tory for Katahdin and Teton, and 3 months "YaS too long for Greelt 
Mountain and Mohawk. 
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Results from :t recent stndv conc111<'ted bv Heinze and coworl{ers 
(1d3) showed that soon after ilarvest Green ':MolUltain potatoes from 
two :M:aine locations, as well as from one in New York, contained con­
siderable sugar. Sugar ,\vas 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, previously unreported from the same study, were 
made on french-fried potatoes prepared from 24 sample lots of the 
1947 crop after the tubers had been stored at 55° F. for approximately 
1 or 2 months :111d at 40° for approximately 3 or 5 months. 

Since pa.1atabiJity tests were unreplicated, the resulthlg data were 
not statistically analyzed, but the following trends were observed. 
Storage at i)50 F. for 1 Or 2 months retarded accumulation of sugars 
in the tubers of some sample lots to tIle extent that french :fries nlac1e 
from them wit1lOut clesug:u'ing had good color and flavor. Potatoes 
stored for 2 months at 55°, however, gave french fries somewhat bet­
ter in color anclless oily than those from I-month storage. No appre­
ciable difference was noted in other quality characteristics. Storage 
0f tubers at 40° for 3 or 5 months caused excessive browning and 
burned fla,vor in french fries, although the Russet Burbank samples 
were medium brown in contrast to the dark brown obtained with other 
Tarieties. ,Vhether the potatoes "'ere stored for i3 or 5 1110nths at; 
40° made little difference in the color of the french fries. None of 
the sample lots used without desugaring after either storage pedoc1 
produced french fries of aeceptable color or flavor. 

Potatoes from the ID51 crop were stored for vlU"jons time periods 
at 4 different temperatures. Upon removal from storage the tubers 
were examined for firmness: shriveling, and al110l111t of sprouting 
(table 9). After 16 weeks' storage at 45° and 50° F. tubers of all 
varieties were firm, but at tempel'atUl"l's of 55° and 60° some softening 

TABLE 9.-Bffect Of time an(Z temperature o[ 8tor(l[le on conclit.ion o[ ra1() tuber,~, 
8prOI(/illp, ((1117 lIiefl7 0/ /)(Ir('11 pol({loc.~, 1.951 crop 

Storage 	 -- IYie,ld:: 

Ynrictr ntH\ loeation Condition of tubers Sprouls pan',[ 
lpotaloes 1 

I 

OF. 	 Perant Pcrr:C'11l!jwcc;g; ·Hi }"irnL~.~_." o 1I1.ii 
, 	 16 50 ....•• clo._ ••. o 70. () 

16 S5 fl'fNliullI flrll1 .... __ :I,S 81.2Chip\wlrn: ~fnil1l' - , 16 no Ver1-" S111'iv(~lc(\_ 1.1 7(;' t 
, 20 45 Slightly shl'in'h'd .•_ 77.8J ., 

50 .....clo_ ••_ 1.0 80.7I	 i;l 

j 
·15 Firm~ .. _~ .. __ _ o ~O. i 

JG 50 .. _ ..... {10_ .. _.. _ o 8:1.0 
55 ••.•• <10 '" 2.1 78. 0 Greclll\[Ollllrnitl! Xow York . 16 I

J6 60 Shri\'uIDd. ".1> 77. l 
, 	 20 45 l?inn ,:\___ > • , 

'.	 
21. !

\ 	 20 50 S,\ilthtlyshrirrklL._ ••... , 2.5 ,n.n
45 1'trl11 _. __ • __ () Ro=),2 
50 ~_~.wtlo _~~. n 8.1.9;\' :~ 55 •• _. 78.1: 	 10 .•••• <1(1 1.0Rnssct Burbnnk: "-ashiJl~ton , 10 60 •••• <10_ ..... _.. _ , 2.1 8:1.2 

, 	 20 45 __ ••• flo. _.. __ o 83.4 
20 f.O •• ;."do_ •••.. __ _ .3 So'}.:l 
1G ,IS 1< Irln ........." o 76.1 

10 ,50 ••.. 110_ ...... ,_._ 2.3 7G.l 
1U 55 VClT shri\'cINL. 0.0 i~.~Triumph: Xorih Dllkoln . _ 16 60 ._ .•do __..... fia,l 
20 ·15 Slightl'l shri\·~1t\d __ _ ~:~ , 71l.4 
20 50 ..._.<10. __...._ .. 3.0 I 73.4 

• 

• 

• 

I 

1 BI\Sl'<I on 1Il1p"rNI \\"l'i~hlIlPOII 1'('[1101'1\1 Irol11 slornJ:~. POlntops Wl'l'~ pnrecl h~' hand. 
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and shrivelin~ were noted in Chippewa, Green Mountain, and Triumph 
varieties. A!ter 20 v;~ eks' storage Russet Burbank potatoes reri1ained 
firm at all temperatures, whereas Green Mountain potatoes were firm 
after storage at 4:5° but shriveled in storage at 50°. Potatoes of both 
Chippewa and Triumph 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 occur.red in all lots except Russet Burbank 
In general, yield of hand-pared potatoes showed an inverse relation­
ship to percentage 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 tendel'l1css were si~nificantl.Y higher for Russet Burbank pota­
toes than for the sample lots of Chippewa, Green Mountain, or 
Triumph stored at 4:5° 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 telldel'l1ess, 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 lo-west oil content anc1 highest yield. 

French fries made from Russet Burbank potatoes that were stored 
21 weeks showed no significant deterioration in palatability when 
compared "\vith those from tubers stored 12 weeks. On the other hand, 
french fries from Chippewa, Green Mountain, and Tri~llnph 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 flavor from the IS-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 raw tubers stored IS weeks tended to have 
less redudllg sugar than tubers stored 12 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 better 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 temperatures. This 
is in keeping with the o~served 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°, 
55°, and 60°, but all were significantly better in flavor than those made 
from potatoes stored at 45 0. A statistical analysis of color, mealiness, 
and flavor scores from 4 storage temperatures for 12- and IS-week 
periods only indicates the same storage effects as were shown when 
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t-:)l'AULE lO.-Influence ot storage ot mw tubers on quaUtl/ ot frclIclI-friclL pota.tocs, 1951 Croll 
~ 

Rnw potatoes 	 l'rench-rrlcd potatoes 

Storage Spa-	 :Mean palatability scores I I I:'J "" Variety and location 
elfie Dry Rc- I I I I I I Dry I Oil •T~mpcrn- . grew- mat- duelng • U!'irorm- Laek.or. Tender. Crlsp- Meal!. Fla. I mat- COII~ 1'1 lold 3 

hu'C Tmlc Ity ter sugar Color - Ity-or- oiliness ness ness ness vor tor tent 
~I _________________________ browning _______________________ ~I 

Per­Per­	 Pu­ Per­Per­
o P. Ilveek8 cent cent 	 cent cent cent ~ 

1. OliO 17.2 0.47 3.2 4.4 2.0 4.7 2.9 ~3 ~s 52.4 14.3 45.4Chippewa: l\lalno ____________________ ·15_________ { ~~ 1.068 17.0 .36 2.7 4.5 .1. 7 2.2 1.7 ~8 50.2 14.5 45.4 
21 1. 072 17.4 .38 3.3 4.3 4.7 3.1 ~3 ~5 53.0 14.0 45.7 
12 1. 070 17.0 .37 3.7 3.S 2.7 -1.5 2.9 ~5 ~o 52.1 14.8 45.2 ~ 50.._______ ~i 	 1.008 16.7 .29 3.2 3. i ·1. Ii 2.7 1.9 ~3 52.3 14.7 44.0 

1.Oi:1 17.7 .34 3.8 4.1 ·1.8 2.7 1.8 ~O 52.7 15.0 45.8{ 	 I:'J 
Jj__ {12 	 1.072 18.5 .33 '1.2 3.0 :l.1 4.3 3.1 ~D ~O 53.3 14.0 45.0 

;llJ_~ ~~. ---- -418 1. 077 18.7 .19 4.0 :1.8 4.2 3.3 2.5 ~O 53A 13.7 40.7 Z 
-I6lL. ______ { • ~~ 	 1. OiO Ii. 9 .32 4.1 3.5 2.8 ·1.0 ?_. ~3 ~l 51.1 13.8 45.8 ,...

1. Oil H.S .23 :J.O 3.7 4.0 2.3 1,8 ~5 51. 5 13.9 46.3 ,...
1. 082 19.6 .51 2.3 2.6 a.2 3.9 2.8 ~3 ~7 54. -1 14.3 45.9

Green l\fountaln: New York_________ _ 45 _________ { i~ 1.080 IS.4 .30 2.0 3.1 4.3 2.1 1.8 ~4 55.6 14.2 40.1 ... 
4 .) 	 t>:>

21 1. 082 19.2 .46 2.4 2.0 	 2.9 ~-I ~H 55.4 1·\.1 45.4 
1.080 19.8 .28 3.9 3.4 3.7 3.9 a.5 ~I ~O 53.0 14.0 -10.6

.iL_______ { ~~ 1.0iO 18.0 .28 3.1 3.3 4.3 2.7 ~H ~2 55.0 13.0 45.9 ::1
1.082 18.5 .35 2.0 1.7 4.5 2.5 1.8 ~5 53.n 13.8 40.2 

,_ {12 1.082 20.4 .20 ·1.11 3.2 3.3 4.1 :1.5 ~9 ~3 50.7 la.8 40.5 U1 
q ­1. osa 10.6 .21 3.S -,( '1.3 2.5 ~5 ~7 54.4 12.0 47.0:"--------- \ i~u:________ 	 1.083 19.8 • ](j 4.7 3.5 3.5 4.5 ~a ~I ~o 56.4 14.2 46.9 t:='i~ 

1. osa 20.5 . ]5 3.7 2. i 4.1 ~4 ~o ~5 50.1 13.8 47.0 I:'J 
1. 097 24.0 .15 5.0 :l.8 ·.1.5 3.1l 4,5 ~4 4.5 lil.4 12.4 48.8 '"dRusset Burbank: Washington _______ _ 401_._______ ~~ 1.101 25.0 .12 4.4 .1.1 .1. 5 ~O ~o 4.5 li3.4 13.2 48. i ..., 
1. 097 2:1.0 .;;3 4.S ·1.1 ·1.0 ·1.7 4.fi ~8 60.4 12.8 48.2 

12 1. OOS 2.1.8 .11 4. a .1. 7 4.0 ·1.7 ~n ~7 0\.0 12.2 ·18.05. " 	 o50.. _______ ~~ 1.100 24.6 .10 4.9 4.1 '1.5 ~u ~8 ~D 01.8 la.1 48. i "'J{ 1.100 2·1.;; • Iii 4.7 4.1 4.1 ~O ~i -1.7 03.3 12.9 48.4 
_, 1. OOi 2-1. 0 .00 5.4 4.a 5.0 4.1 ~i 4.7 ~7 iiI. 0 12.1 48. jn.'_________ {1218 	 E;1. 09, 23.9 .05 4.9 3.9 4.1 ~9 ~9 ~9 01.8 ]2.2 49.0 

I') 1. 095 24.0 .15 5.3 3.9 4.11 .1. -1 ~5 ~5 ~8 01. 3 12.4 4B.1 ::d60.._______ { 18 	 ....1.097 2,1.7 .04 5.3 4. i 4.3 ~9 ~7 ~o 02.0 12.1 49.2 
12 1.073 19.1 .53 2.a 3.7 a.1 4.3 au ~5 ~O 54.4 14.,1 40.4 

l.l 
'rrlumpll: North Dakotll_____________ _ ·15_________ ~~ 	 1.074 .19.1 . ii-I 1.8 4.4 4.3 2.5 1.7 ~1 54.8 14.4 46.3{ 1.081 18.9 .51 2.2 4.0 4.:l ~5 ~.I ~8 54.5 14,0 47.0

J 12 I.U75 19. :1 .43 2.9 4.1 3.2 4.3 ~9 ~H 3.5 53.9 13.9 411.7 ~ 
1.0i~ IS.r, .39 2.3 3.ll 4.2 ~1 1.4 ~5 5-\.3 14.7 4fl.O ::d50---------ll ~~ 1.080 20.:J .50 2. i 3.5 4.1 ~i ~I 2.0 55.4 13.3 47.3 I:'J 
1. 072 10.6 .31 3.8 a.7 a.3 4.4 ~g ~5 ~S 5·\.7 14.0 40.45'"---------1{12

18 1.078 21. 5 .27 3.5 3.4 3.0 &1 ~3 ~4 56.7 n.5 47.9 
00 _________ 12 HI. 4 .37 3.5 3.7 4.5 27 ~3 ~i 52.6 14.0 48.618 1.075 

{ 2.8 	 54.0 47.41 1. 077 21.0 .28 a.3 ::::::~~~:I -1.1 ~D 1.9 ~9 14.0 

•

t :Menn or 15 values (3 replicates by 5 judges). 5 represents tho optimum scorn Ulld 1 the poorest. 3 Based on raw Cllt weight or selccted strips. 

; Color was scored on a 6-polnt scalo on which 6 rcpresented too light u color und 5 opll III II III. • :''vlCIlII or 10 values (2 replicates by 5 judges) . 
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• 
scores for 21 weeks' storage 'were included in the analyses. These 
results are in agreement with a brief report made by Richardson and 
Douglass in 1929 (27) that Netted Gem (Russet Burbank) potatoes 
had less moisture and were mealier and of better color and flayor 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 

TAIILE 	ll.--][ean palatnbilif.y 8corC8 1 of french-frieel potatoes tor each 8t.ora.[Jc 
temperature, aU 'varieties ana storage periods cOHtuincel, 1951 crop 

Storage uniform-I L . k f IT 1 Ie. i ~r I' i-"Storage temperature Color ity-Of- .n.e --0 ; '. ell( cr- rlsp-!. ca 1-.I FluYortime browning oIlIness - t ness ness f ness ~ 
1 f i 

4.5° F _________________________ _ 

50° _________________________ _ 
 1~~{8,k~1 	 -:---3-.8--:-=-l'-:!l-:i-::~:

[~ 

12, I~, 21 3. r. :1.7 :l.6 4.3 :1.:1 2. S l 3.7 
()(J0 F_________________________ _ 12,]8 '4. a 3. {j 3.7 ./. 2 :1. 5' '3.2 I 4. 1 
45° F ____• _____________________ 12, IS '4.2 :1. G 3.5 4_4 I :l.2 1 2.8j·' '1.0 

53° .F____ ... _____. _______________ 

50° k' _________________________ • ]2, IS 33.0 3.8 3 . .5 :1.I I 2.7 3 'I 0'1.31 
12,18 3.7 :1.8 3.0 '1.3 :1.3 2.8· :n,; 

1 5 repre~2nts the optimullI scare nnd 1 tho poorest. 
'l"ack-of-oililless was judged only at the 12-week storage period. 
3 Significnntly lower thun the other scoms ut tl10 5-jll'rccnt le\·cl. 
l Significantly higher than the other scores ut the 5-j1crccnt.lc\·cl. 

EFFECT OF DESUGARING OF TUBERS ON PALATABILITY 

• 
A number of investigators (6, [28, 32, 34, 38, 41) have shown that 

potatoes storccl at a temperature of '.1:0° F. or 10-we1" during the winter 
1110nths accumulate sugars in the tubers with a parallel decrease in 
starch. 

It has also been found (6,99) that removing potatoes from 40° F. 
storage to 70° cRusecl the sugar content to decrease rapidly by retrans­
formation to starch and by Joss in respiration. A decrease in sugar 
content of tubers brought a.bout color improvement in finished potato 
chips. This practice of removing potato tubers from low temperature 
storage to It higher temperature for t), period of time before they are 
to be used is commonly refened to as desugaring. 

Comparati\-ely few l'epOl-ts on deSnglll'ing of potatoes :1'0l' j'rellch 
frying have appeared in the literature, although many studies on 
desLlgaring potatoes for chipping have been reported. Front the 
standpoint of color in the fi.nished product many of the results ob­
tained with potato chips [l]SO tlpply to french-fried potatoes. 

",Yright and associates (38) compared the elfect of desugaring for 6 
weeks at 70° F. on potatoes that had been held for 4;1 days at temper­
atures of 32°, 36°, ancl40°. Sugar content of the tubers held at tem­
peratures as low as 32° ancl3(l0, when transferred to 70° for () weeks, 
did not decrease to that in comparable lots stored at 40° and desugarecl 

• 
at70°. 

Thiessen (32) found that Bliss Triumph potatoes when stored in a 
potato cellar with a tempemttu'e of 38° to 42° F. contained too much 
sugar to produce good potato chips at a.ny time during the winter 
months. The long desugaring required by this variety, 35 to 45 days, 
was not considered feasible. On the other hand Thiessen found that 
Irish Cobblers acculUuhtted less sugar tlHm the 'rriumphs, and after 
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desllgaring 30 to 40 days at 50° to GO° 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 (33, .40). The amount of re­
ducing sugar h1 the tubers, hence the influence on browning during 
the frying of chips, was found to be influenced by many factors: The 
variety of potato, place where grown, maturity when dug, temperature 
of storage, time held in storage, and temperature and time of desllgar­
ing (4, 8, lv, 3f3, .40). :Much variation was found in the response of 
potatoes to desngarint:!: cOllclitions. 

In preliminary studies in the USDA laboratories, potatoes (UH7 
Cl'Op) that had been storc(l at 55° :E'. for 2 months '\\"ere desugared at 
70° for 3 weeks. Palatability scores for french-fried potatoes showed 
that color was the only characteristic affected by desllgaring. All 
"ample lots except Green )10nntain, Triumph, and White Rose gave 
french fries lighter in color than the standard, whereas french fries 
-from these 3 lots were no dilferent in color front those made from lots 
storf'd continuously at 55°. Judging from these results little benefit 
,,'as detin~d ~from desugaring potatoes previously stored tit 55°. 

Potatoes stored at '10° F. for 5 months were desugared at 70° for 2, 
4, U, or 8 weeks. After 2 weeks at the higher temperature the potatoes 
produced frrnch fries that were slightly more mealy, Jess oily, anel of 
mtlrkeclly bett('r color than those from potatoes not desngarec1. Longer 
periods nt 70°--4, (), or 8 "'ceks-dicl not contribute to further improve­
ment in any of the llalatability characteristics except color, which 
continued to become somcwhat lighter at each successive period. 

Studies of 40° F. storage were continued on the ID-18 crop 'with 
51\l11ples from 11 lots of potatoes representing 4: varieties each from 
several locations. PotatoPH ,nwe stored at ",1:0° for -1 months and 
de:5ugal'ed at 70° fol' :2, ·L 01' Gweeks. An estimation of DlC reduc­
iug-sugar COJltenf" of ('nch of th(' Gor 8 tubers in each smnple 'was made 
by the picric acid metho{1. Heplicnted samples f1'011'1 the 11 lots 
w('re frenchrried nfte!' each of' the 3 periods. Of the uu french-fried 
samvies I'Vallltlt('d ~f()r color, 17 'YI'l'(' considered by the judges as too 
dark to be acceptable, and 21 of the l'ernaininrr 40 were scorecl as 
Y11.1'inb1e in color. FOl: the tubers in the variable 'samples, the average 
r:lllge between the highest and lowest reducing-sugar v:1lues 'YHfi 0.12 
percent. J!'or the remaining 28 smnpies that were not checked t1S 
yariabl.e tbe range W:lS 0.08 percent.

It became apparent in tl!pse pnrly experiments that a considerable 
yariafioll in reducing-sugar content betwf'pn tubers within a sample 
was frequently r('sponsib1e for a lack of uniformity-in-browning, In 
further studies it was observed that nn appreciable graclient in re­
ducing-sugar content Il1ny exist within the tuber, the stl'm end llsl1ally 
containillg more sugar than the remaining portions. This variation 
was frequently associated with a clark ('olor on onp f'11d of the J'riNl 
si"ri ps.

Potatoes from tIl(' 1%1 snmple lois stored at 40° F. for i) months 
were desnp:arecl n t 70° 1'01' 1, 2, 01.' 3 weeks. Ih'ench-fl'ied potatoes 
made from tubers when they were taken ont of '10° storat:!:e and also 
after each week at the hip:hel: tpmpel'lltnre were scored for l)alntnbility. 
Analysis of val'iance of HlP lIwnn scoreR showed that clpsngaring time 

• 


'. 


• 
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significantly affected the coloI') ulliformity-oI-browning, crispness,

• mealiness, and flavor. 
,samples of all 4 varieties ~wel'C given the lowest score for color when 

taken from 40° E. storag(} with no desugaring (table B). "Tith 
each we(}k's increase in holding tim(} there was progressive improve­
ment in color except in the third week for Green ~Ionnta.in and 
Triumph yarieties. These ~ varieties showed no JUl'ther color im­
proyement after 2 weeks. '1'110 dill'erences ill tile l'eHpOl1Se of the 
nlricties to c1esugarillg at/DO appeared in the statistil"tll analysis as 
a significant in{p!'aclioll 01' "ariety with timt'. ChClllil'ltl analyses 
showed tllat the tubers were highest in reducing SUgfll: whell sampled 
from 40° storage aJld that holding at /0" caused a pl"ogressiv(} decrease 
in redllC'in!! SlI!!::ll' for tlIP ;) Wl'ekH. J.. naln.;('::, 1'01" total HUWlr C'ontent 
;.:howed a iimil~u' trend, .. .. 

Fl"enrh f!'ips Illadp fl.'olll Chippewa, nl.·l'en )[ollll{aill, and Triumph 
/lotatoeH H':OI'pd Jlighpl' in llIli J"o/"lllily-ol'-bl'O\\"llillg 1)('Jol"c tubers werc 
d('~ugal'('d th:ln :d'(pl" {]esug:lrillg, jll'obahly l)(,(,:IIIHC thp." wcre browner 
:111(1 hence appcH I"~d to lJ(' Illore 1IJ1 i [0/'111. • \.S desugaJ'i ng progressed 
alld o\'emll color lI11pro\"cd, a IlHH'e lllottlell, less lIlldonn appearance 
\I'as evidellt, probably owing (0 Uw Ch:Ulgl'S of' SlIg:II' cOlltellt ill dif­
ferent areas of Ill(' tuber. The ulliformity or color in fl'('nch fries 
IlHlde from Russet. Burbank pobdops did not apJ)(,ttr fo be aJfeC"!:ec1 
hy time of clpsugal'ing. . 

• 
Seo1"cs fOI" eriRpness alldl1l('alillPs:o: of fl'PIl<'1\ hie:; IlW<](' '[rol1l Chip­

pewa. pot:atoe.s (lp::illgarptl 1. ~, or :1 \\'l't'ks at iOo F. wC're sip:nifirantly 
better than scorcs for poln toes not (k'lIg:1l"pd. 1"01' the n I"een :MOlllJ­
bin samples 2. ,veeks gaY(' significantly (')"ispPl' fl'('l)('IJ fries HI:W nlC 
other dl'sllgaring periodH. lksll,!.::trill!-!: had JlO significallt efl'pd on 
nispness and 1lll'a1inpss 01: frPlle11 Trips fl"Om l~lI"sl't Burbank and 

• 

TI·julllph Yal"ietips 01' 011 lllealine:-;s of !Ill~ (;l'Pl'n ~r(Jllntrtin Ytll'iety. 
ultholl.!!h sljghtl~' higlll'l' ;.;('ore:-' Wl'I'P ohtained with flll' ~-\\,C'l'k cle­
sllgn I'i n,fr 1)(,1"io<1. 

DC'"ng:ll'illg of {uh<'l's hl'ougllt :tbout l"OIlH' impro\'l'lllellt in Il:n'OI' 
s('ol'es of :trcllt'h ·fl'ips, in all .J v:ll'it,tips. 1"01' ()/,('('11 J)[ollntain :uHl 
'l'rJumpb va.riC'ties, flavor ~eon\s ,)"C're, too low to be satisfactory, eyen 
though those from Triumph impl'oYc<l siglliflcantly with 2 weck~' 
d(,i'\lga!·ing. H{)dllcing-:mgar Yltlm's ·1'01' ctl'C'('n Mountaillltncl Triumph 
before clesngnring were 1.15 ltncl1.23 percent and remajllPc1 high, O.7P 
and 0,77 percent, respectively, dtm.· 3 weeks) desllgltl'i ng, Flavor 
scores for the Ohippe\m sampl('s l'anged from 2.0 with no <1esngllring 
to :1A, [dte!' 3 wC'eks' <1psngaring. Thesc Cl11tnges \\"('1"(' aecompanit'd by 
an apprecittblc cl!'op :from '1.J I to 0.48 p('rc('nt ill l'l'(lucing-suglLl' ('()Ji­

tent. Less chlU1ge was noted in 'hcHeh i'riesfJ·o)\\ R\lsset Bml?n.nk: 
JOl' this sample Jot tl1C f!avol' S('ore incrcased in ;~ wepks 1'1'0111 ;3.7 to '1.3. 
Heducing slign r j 11 these samc potatoes decrClls('d from 0.52 to 0.1'1 
percent. Scores for f1ayor at e:\('11 t·esl;:ng 1)(')'[0<1 were higher '1'01' 
french fries from Rnss('t Bnrbnnk thall fOl' {'hose lIHld(~ fl"om the oUlPr 
v:).rieties. 

As shown in. tllblc 12, the l"ttw t:ubel"s of Russet Burbank v:u'iety had 
the highest dry-maHer COil tent. FrenC'h fries made from this variet.,Y 
also lHlcl thehidH'st clrY-lllattpr eontpllt, the lowest oil contcnt, and the 
highestscol'es for meanness and crispness flS well flS the gl"eatest yield. 

http:Bml?n.nk
http:ltncl1.23
http:Ionnta.in
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'rAnT-E; 12.-llljlIlC'ICC of tilllC oj dcslIgaringmw tulier8 at 70' F. on qua,lily oj Il"ello/l.-/r;ol1. ]lotatoes, 1951 crop 
.-~ ....... -~.~-." ~ 

Raw potatoes French·frled potatoes ~ 
Sugal' MClIn pnlutnbillty scores I 	 t:d 

Variety and 10entIon 	 ~ OllDry t"'Desllgnr.! Specific I Dry I I I I Uni- I 	 con· Yield'matter t:Jing time gravlt.y mutter Redllc- , ., formlty- 'i'cnder. CrlSll- :Menll. • tent
In" rotal ColOl of- ness ness ness I Flavor 	 >-3 

Q brown- Z 
----1--------.----~-------I---,-------- ..... 

..... 
ll'ecks Perce1lt Percent Percent 	 Percellt Percent Percent ... 

0 1.0;2 17. a 1.11 1. 37 ' 1. 7 4.8 4.5 , 1. 8 , I. 2 2.0 53. fi 11i. 1 44.5 t~ 

1 1. on 17.5 •&1 •OS 2.5 4.4 4.3 2.5 1. 9 2.8 5-1.4 14.1 45.4\Chippewa: Mnlne__________ ..____ ....._., 2 I.07a 18.2 .58 .74 3.1 a.7 4.4 2.7 1.9 2.0 .1:1.9 14.3 44.9{ 
;J 1.0n 18.0 .48 .SO a.1i 3.0 4.6 2.7 2.1 3.4 5:l.r. 14.2 45.2 !=l 
0 1.082 17.0 1. 15 1. fiS 1.2 'a. 2 4.3 1. 4 1.1 1.:1 5-1. 8 15.0 45.7 

• • _ 1 1.083 18.4 .91i 1.54 1.6 '2.9 -1.6 La 1.1 1.5 55.0 14.3 4!i.3 fIl 
GreenMountaln.Ne\\York••_••••••.• ·1 2 1.083 19.3 .82 1.43 2.1 2.1 4.2 '2.0 1.., 1.8 54.5 14.0 40.1{ 

3 1.081 1S.S .79 1.,15 2.1 2.0 4.3 1.7 1.3 1.8 5:\.0 14.2 46.4 o 
0 1.097 23.1 .52 .77 2.9 a.4 4.0 4.3 3.S a.7 02.5 13.0 47.5 t'l 

"dRusset Durbank: Washington_.......... 1 '!, 1.009 ~~, ~ . ~4 .4~ a.7 :1.4 4.1 4.5 ;1. ~ -I.l 6~. 3 13.5 ·17.5 

{ 	 • 1.09S .3.1 ..I .41 4.1 .l.4 4.1 4.S 4.. 4.16.. 613.3 ,\7.9 !'" 

a 1.097 2,1.6 .17 ••,0 4.a 3.5 4.2 4.a 3.8 4.3 112.7 13..1 47.4 
0 l.m., 19.6 1.23 1.89 '1.a 3.7 4.2 1.8 1.2 1.1 57.5 15.4 45.7 o 
1 1.075 19.8 1.09 LnS '1.5 4.a 4.2 2.0 1.:1 1..\ 56.5 15.1 ·\.5.n ":lTriumph: North Dnkotn_ .,___ ••• _. 2 1. 078 J9.3 .78 1. :14 , 2.2 3. II ,\.a 2. 1 1. fi , 2.2 .55.7 15.1 -Ill. I{ 	 :.­3 .1.077 19.0 .77 1.21) 2.1 '3.2 4.2 1.9 1.4 1.5 55.7 15.0 45.7 C'l_:....-_...:.-__!.-_...:.-_-l___..!-__!.-_-..:,___-.!...___ ___.~_____.~, ::c ..... 

(')l1>fean of 15 "allies (3 replicates by 5 Jucl~es). 5 ropresCnt.S t.ho opl.IJllIIJII scoro 1U1IIl the poorest.
'Color WIIS scorull on a O·polntsr.nle on which 6 reJ1rcscnt.ed too light a color IIncl 50ptImllm.
, Bllsed on rnw Cllt weight of selecto,l strips. 
• Significantly lower Umn other moans wIthin II Yllrloty I1t thc 5-percont loyel. 

, Slgnlfienntly higher thlln other means within II Yl1rlcl,y nt the 5·percent loyel. ~ 


~ 
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This is in agreement with results of ,Yhiteman and 'Wright (31) who, 
in work on potato chips, found that wjth nusset Burbank anel two 
other varieties an increase in speei{jc gravity usnalJy glwe an increase 
in yielel amI a decrease i11 oil {'ontent Ot the chips. 

\\7ith incrense in ([esugaring time Chippe\ra, Green ~[olilltain, and 
Russet BUl'blmk y:u'ieti(\s decreased in l.'Nl11cing-sllgar and increa eel 
in dry-mattet' con tent:. This l'eJationslJ i p ','as not shown in the Tri­
umph Yariety. High oil C'ontent, up to 13 percent in trench fries, 
appeared to parallel high redudng sligar ill the raw samples stored at 
40° F. uncI not clesugaxed. Husset Bllt'bltnk potatoes, 'which had the 
lowest reducing-sugar content, lll::;o had {-he lowest oil content (13
percent) after french fl'yi ng . 
. To determine the influence of: variety, palatability scores for de­

sugaring periods of 0, 1,2, and 3 weeks wcre combined (table 13), 
For color, crispness, ])1(':11iness, Ilnd JI avo l' o:t :f1'c11ch :tries, Russet 
Burbank was scot'cd significant!y hig!l<'l' thtt11 Chippewa, \Yhi~h in turn 
\yas scol'ed signi{-ical1tly higher thall (l1'e<:11 ~[()lIntail1 and Triumph. 
In uni:formity-of-bl'O\ming, Green :.\lountaill scored signi.ficantly 
lower at the 5-pel'ccnt Jevel thn.n the otlu'l' three varieties. No signifi­
cant dill'erences in teuclel'lless werc fouml among varieties. 

TABLE 13.-jJ[C(l'/l ]J(lla/.(I/Jility Scorc.~ 1 of frcllch-/I'icll potatocs for e{lch v(triety, 
ll(>sug(ll'illg (l.t 70 0 b'. /01' pcriods of 0, 1, 2, (lllll S 1ceeks combilled, 1951 crop 

-~----~- -~~ --'-'--I-~-II~nirorlll-\I' 'r~ndcr'l cris '/ Menll-/
P'-m'let)' llnd locutIon I Color ltY-Of-. ness ness. - nc~s . Flavor 

I brownlug 
, 1 

··--·-l-·-·~--;--f--l---I--

Chlppcwa: ~r'\!I1C _____ ' ______ ,_,_·_·_·,·_··_·f 2.71 "~211 4.5 I 2.,1 I 1.S t 2.8 
Green~rollntalll:XewYork"·""" __ .... ___ 1 ~1.71 '2.6 4.4 21.\\1 '1.3 '1.6 
Rllssct Burbank: Wllshingtoll. _______, _____ .. 1 ~3,8 :t·1 .1.1 I 3.[,'11 33.0 q.l 

'l'rilll~b: 1\orth DnkOh\..-,---'-'~-·~~~~:=.I_~ I. ~ ~ __. _.:~ I 4:21 .~~'~ , 1:~_ _ '1.5 

1 5 r~prcsents the. optimulll scon' nnd 1 th~ poon'st.
1Significantly Jow~r thlln other mellns ul, lhe 5·perc(·nt Ic\'el. 
J Signlllcnntly higher than other lll~nl\S .\t the 5-percellt Jew!. 

Scores from all varieties combinecl show eITects o:t 40° F. storage of 
tubers with no dcsllO"aring as compared with desugaring for 1, 2, or 3 
weeks (table 14), Color of french fries was significantly better ufter 
2 weeks' desugllring o:t rH.W tubers, but there was no further significant 
improvement aHer :3 weeks~ clcsugaring time. ~£ealiness anel flavor 
scores were significantly better :tor :trench fries made :trom desugared 
tubers than from tubel'snot clesllgal'ec1, although no statistical differ­
ence between 1, 2, or :3 weeks' Ume ,n1S indicated. Tenderness n.p­
pearedto be unaffected by c1esugnrillg o:t the tubCl·S. For uuiformity­
of-browlling and cdspness, an interaction o:t variety with desugaring 
time was found in the statistical analysis which indicated tha.t variety 
appeared to have more influence on these characteristies than desllgar­
ing time. 

Although 70° F. has been the desugar.ing temperature most com­
monly used, some investiga.tors (4., 8, 15) have held potatoes at tem­
peratures higher than 70°. In the study reported here, for the 1951 
crop the greatest improvement ill palatability of french :h'ies 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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• 

15 represents the optltnllttl score, mId 1 tim poorest. 
, olgnUloontly lower thull other metlnS ut tho 5-percent )c\·el. 

l Slgnlfictlntl): higher thun other menns tit tim 5·prrcont le"el. 


for desugaring was 2 weeks, al1(l temperatures of both 'i0° a.ud 80° 
were used. 

As shown in table 15, no signiHctwt differences were found between 
70° and 80° F. c1esll~aring tempetatures for ulliformity-of-browlung, 
lack-of-oiliness, tenelerness, crispness, und mealiness in french fries. 
For color, results from the 80° desugaring temperature were as good 
as or better than those from the 70° temperature. The same was true 
for £1:\\'01' except in one instance, thn.t of Katahdins from Maine. Dif­
ferences in color and flavor were signifktmt at the 5-percent level for 
Irish Cobbler potatoes from ~fn.ine. Desugaring Idsh Cobblers from 
Korth Dakota at 80° g:lve signHicantly better color to french fries 
than desugaring at 70°. The 80° temperature also gave better flavor, 
but the difference was not great enough for significance. As shown 
,,·ith the 1951 crop, color and tla \'01' scores ·were inversely rehlted to 
values for reducing Sligar. No significant differences between de- • 
sugttring temperatures of 70° and 80° were. indicated for dry-matter 
content of rn.w tubers or fried product, oil content, shear force, and 
yield of french rries. 

Since prolonged storage at relatiY ely high temperatures increases 
shrivelir: '~, sprouting, softening, and e,:enttull decay of the tubers and 
hence cb.:reftSeS pared yields1 the most desirable desugaring conclitions 
(temperature and time) therefore, are those tha.t give maXlll1um value 
in decreasing sugar content of the Ttt'" tubers with a minimum of 
shriveling and sprouting. 

HOLDING CONDITIONS FOR PARTIALLY FRIED POTATOES 

Although the holding of pa.rtinl1y fried potatoes between the first­
and second-stage frying has become an accepted. restaul'lmt practice, 
little or no published information is available regarding the best hold­
ino- conditions. The possible temperature variations to which par­
ti~ly fried potatoesmight be subjected when helel in other than freezer 
storage are from approximately 40° F. (4.5° C.) in a, refrigerator up 
to 90° F. (32° C.) in a kitchen. The time might vary from if2 hour 
to 24 hours. The tests reported here were conclucted to cletCi'mine the 
holding conditions of time and temperature that would produce the 
best quality french fries. 

Partil11ly fried potntoes macle frol11 Chippewa potatoes from Uaine • 
und Russet Burbimk potatoes from ·VVashington (1951 crop) were 
held ,titer first-stage frying ror 4, or (l hours at room temperature 
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~I'.o\ur.E 15.-Influencc of tempel'atul'c of t7c8uY(ll'iny raw tllber8 for 2 11:Ce1.:8 on qlll/lif.y oj Jl'cllch-fl'icr/.1Jotatot's, 1952 c/'op 

------.----- Rnw pot'lLQC.s'·-· ---I----~-·-- "--- .., 
J'rench·fl'icd potatops ::c 

_____~l-".____.._~____.____ _ ___ .••.~_ "._ .... l"J 
Z 

De· ; Sugar I -'fcan palnt"bilit~· scor"~ I 	 !
Yari~ty and location ~Stm~r. Specific Dry;' I " - I I I ---1-----/--- Shenr nry I Oil I Yield I1 

tem· gravity mllftl'I', Hl'<llIc, " ,. .• l'!,i~orlll' Lllrk.of'I"I,pndcr. Crisp. ::-rc'lli. I',' force mutter contl'llt 
pera· , in" I J otul Colm· It~ .o~. Ioiliness ness j uess ness 1,1\ or 

0ture I I brownIng' I 	 ,-----------i________r_________________ .. _ .._t_____ ,__,______I .._____ ~ 0p. Percelll IPercelll percelll! I I I ! PO/ll/lls Percelll Percellt Perce lit 
Ohippewa: Maine............. _'. { ~ 	 1.07017.60.280.30 2.81 2.9 2.S -l,lll2.U 1.4' 2.-( 2.4 -W.:! 14.1 48.:! .0 

].070 ] 7. 2 . 21 • :18 ~. 4 I :1.1 2. 0 I .f. 8 2. 2 1. G 2,8 2. 7 fi!J.2 14. 2 48.8 8Irish Cobbler: Maine .......__ ... { ~g 	 I. 000 22. " . 22 . all 2. S I 3. H ·1. l' ,I. 1 a, 6 :!.O 2.8 a. 9 58.0 1:1, a 40.0 ... 

1.090 22.:1 I .12 .28 '4.11 :1.8 :ts ·1.4 :\.7 2.\\ 1:1.7 4.4 57.2 ]3.1 49.0f ·0Irish Cobbler: North nukol>!•.•• - 1 SO 	 1.09021.·1 .:)7 .,17 2.4 2,0 :l.U a.7 a.S :1.0 2.·( ·1.850.213.0 49.:1 ~ 
1.000 21.:1 .22 .40 'a.2 3.1 :1.7 :1,8 :l.r. 3,1 :I.n 4•.8 M.O 12.9 49.5 ~ KntnMin: Colorado..__••__...... { ~g 	 1.005 23.4 .10 .10' 4.5 4.3 -I.I '1.1, :I.U :1..( ·(.0 4,0 58.0 13.1 50.:1 
1..005 23.:l .0S .22 4.7 4,5 4,0 4..lj :1.7 :1.".4.-1 3.5 li8.U 1:1.8 [>0.9 oKlltnMln: 1IInbie...._. ____ ..__ .. { ~ 	 1. e80 20.0 . ]:1, .2·1 3.0 :1. 41 :1.-1 -J. 61 :I. fl 2.4 :1,2 3,5 53.4 13.5 49.:1 ..,
1.080 20.7 .11 I .20 4.1 3.2 :1.2 ·1.7 2.8 2.:1 :l.I :1.:1 [,1.6 l:l.l 49.2 

Jlussct Burbnnk: WnshlngtcJIl.... { ~ 1. US 27. I . I I I . 27 .t.7 4..t 4. S 3. Ii 4.7 .1. U' 4. S O. 2 oa. 2 12. 6 51. 8 ~ 
1.115 26.4 ,07 .28 .I.i 4. a I ·1,6 1 3.7 ,1. U 5.0! a.o I 6,0 6:1.8 1:1.0 51.7 o 

~l	 _.-...--_.-- --"'---~. >­l1\fenn oC 15 mlues (3 replicntcs by 5Iudges). 5 r~prcsents the optimum scoro lind 1 the poorest. ~ 
2 Color was scored onll ll-point scale on which 6 rcpresentl'd too Iight!1 color und 50ptilllum. 	 o
• Based on row cut weight of selected strips. 	 l"J 
• SIgnificantly higher at the li-pel'ccnt le,'e) t hun the score for the other dcstlgnring t\'ll\11crntur~. 	 Ul 

~ 
~ 
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("mo F.) or for 18 hours at mfrigerator temperature (40° F.). These 
samples were fried off and compared with french fries made with 
only a momentary time lapse between 1irst- and second-stage frying. 
Between fryings, partiaJ1y fried potatoes were held in shallow open 
containers. 

Since the Chippewa and Russet Burbank potatoes differed jn 
specifi.c 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 ilavor, as indicated 
by analysis of variance of palatability scores. 

Holding the partially frie(l potatoes, under the conditions studied, 
had relatively little effect on the palatability characteristics of the 
french fries (table 16). The few observed effects 'were most notice­
able in the Russet Burbank potatoes, where small but consistent de­
creases in the scores for tenderness (md flavor with increased holding 
time were noted. Although some other differences in scores occurred, 
trends were not consistent or were not great enough for significance. 
The holding conditions were ,Yen controlled, so many factors that 
frequently influence palatability scores were largely eliminated. The 
holding conditions studied caused an increase in dry-matter content 
of the french fries and a concomitant decrease in yield. 

In 1%2 potatoes of another variety, Kennebec, \yere used to obtain 
further information on, this problem. Samples \yere parfried and 
held in uncovered dishes at room temperature, apl)l:oximately 80° F., 
j'or lh, 2, or 4 hours; in uncovered dishes in a walk-in refrigerator at 
appl'Oximately 40° for 4 or 24 hours; and packaged in a polyethylene 
bag llnd held also in tl1(~ walk-in refri:rerator for 24 hours. For use 
as a standard control, other samples were fried with no time lapse be­
tween first- and second-stage frying. 

Anulysis of variance revealed no signi ficant differences in palata­
bility factors for samples belduncler diil'erent conditions of tempera­
ture and time and judged in series 1 aJ1CI 2 (table l'7). For sampleR 
tested in series 3, however, the freshly fded sample (not heJd after 
parl'rying) was significantly more tender than the samples that were 
]l('ld unpac1mged for either 4 or 2'~ hours 01' for 24 hours in a pOl~T­
ethylene bag. This finding- is confirmed by shear-force values ob­
tained from samples of the three series. Potatoes fried with no hold­
ing <?f the pariTies before second-stn:re frying gave shear-force values 
COlls1stently lower than those obtained for samples helc11h, 2, 4, or 24 
11011rs. In series 1, where holding time was iilcrensed from zero to 
::th, 2, 01' 4: hours, the valnes for sbear force showed it plll'allel increase 
with time. 

FToll1 tIle results obtained in tIle 2 years, 1951 nnd1952, tenderness 
was the one pallLtability characteristic most affected by the length 
of time the paTfries 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 Ylelded 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 a11(l does not 
indicate increased absorption of oii. 
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• 


• 
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TABLE 16.-Inflllenc(J of hoUlinu parfriea potatoes before 8 econa-starlC iryillU on the quality of fl'clteh frics, 1951 crop 
.-~-~ ... ;

Rnw potatoes Parfried potatoes 	 French·fried potatoes 

~ l\Icon pnlntnbility scores I 
Variety and location IIollling 	 OilSpeclfic Dry IIolding Dry

gravity mutter limn muttertemper· 	 con· Yield' 
ature Uniform· J k r I'f I I C· M r tentColor' ity.of. ,~S '·0 - ell( cr- rlsp- c... I' Flavor 

browning olhness ness ness 	 ness ~ 
---------------- -----------	 £) 

Percent OF. [Jollra 	 Percent Percent Pacont 
........ __ w •
1.072 18.0 0 4.0 3.8 3.6 4.2 3.5 2.8 4.2 40.7 12.1 48.4 	 ~ 

Chippewa: 1>faino_____________________ { 	 1.074 18.1 
~_ 

72 4 3.5 3.2 3.5 3.0 3.5 3.1 4.0 58.4 14.3 40.3 t" 
:.074 10.1 72 6 3.5 :1.1 3.0 3.7 3. i 3.2 4.1 58.4 14.3 42.1 
1.076 18.5 40 18 a.8 4.0 3.0 '1.2 3.0 3.2 4.2 59. 3 14.7 42.0 	 ~ 1.005 22.0 -....-~--- .... 0 4.6 3.0 4.9 4.3 .\.4 4.7 5.0 58.4 12. 0 50.6 
1. 005 2.1.0 72 4 4.5 4.4 4.0 ·1.0 4.4 4.4 4.9nusset Burbank: Washington _________ { 	 67.3 13.8 43.6 o
1.095 23.3 72 6 4.5 4.1 4.0 :l.7 4.0 4.9 4.7 70.1 14.6 42.9 	 "'-l
1.095 	 25.5 40 18 4.4 3.8 'I. 7 3.5 4,4 ·1.4_ 4.5 68.5 H.B 43.6 

I'd 
--- o 

I Moon otlOvalues (2 repllrotos by 5 Judges). 5 represents the optimum score and 1 t.he poorcst.
, Color was scored on a 6-point scale on which 6 ropresento<l too light a celer and 5 optimum. 	 ;; 
, Based on raw cut weight of selected strips. 	 8 o 
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T.\IlU: 17.-111/lIlCI1CC 0/ 7107(li1lU l)ar/ric(lllo/atoc8 l)(]fol'e 8CCOI!IZ'8ta{IC fryil1g 011 thc qUality of /rcllch fric8, 1952 cr'op 

IInw potatoes Il'ar(rICdPot.ot'Jrs, hohlin~ COIHlitl:::-r '--.~-~'~' -.... J~rcnch·(ricd potot:)rs 	 ttl 

I . I 	 -,_.._ :\feun polntnbilityscorrs I '--:-1---.----:---;---- ~..'--.'... 	
~ 

t=j
,::;J u<1glllg st'rks I I' 	 1 '-'.--'-1 .....Spcciflc nrr 'r"lIlpcr' "I '. : I I I '1 i Siwor I l)rr IOil c[ln-I , .. 'I J3j 	 ~gro\'ltv motlet· "lnre I 1 IIlU (Olll.lllIcr I Unif!lrJn' _ I " 	 ! (oreu mnttor lent .1C I 

. 	 . ColOr' itr-o(- I'!,~k'O(-1 J encll'r- Crisp· "f,'nll' ,FI3\'or 

I 	
....!_______,____!___ ~_"____~_._~__t. ___ ,_br_O_\\_.ning _:~~l_ess__~:ss_ __~l_rs_·s_t._Jl_es_s_.I__ ~____________,___

----I 	 i ; , ~ t .... 
J 	 1 

Perce lit • P. Hours i' j • I I I'OILlII/S Percellt Pucwl Pucelit 
,>j 

I{ 
 1.0S2 21.9 .......... 0 opcnsh:t1l0W ••• \, '1.0 ~.O J 4.4 ·1.2 4.J. 1 a.1i ·I.n :1.0 55.n 13.0 4D.O 

I 1.0S5 22.3 SO }~. __ .do_......... ·1.7 'I.al ·I.a 4.a .1.11 :1." 4.8 4.1 57.0 la.1 411.1 ~ 

•• .. ·•••••·•• .. '11.OS2 22.0 SO 2 .....110 ......... ·1.7 4.0 ·1.2 4.0! 4.1 3.G 4.8 4.0 57.4 1:1.0 47.6 


1.0S2 20.0 SO ~ .....elo...... ·I.S ~.r. , ·1.1 4.0 ·1.1 :l.a ·1.0 4.0 5O.S 1:1.7 45.2 ~ 1.0S2 21.4 .......... 0 .•••do ..._ ..... 1 5.0 'I.r.! 4.:1 ·1.·1 I ·1.11 j 3.8 :'.0 a.G 5:1.7 12. I ·10.8 
" : 1.0S2 21.8 SO -I ....lln.... 4.S ·1.'1 4.2 ~.5 :J.O ;1.:1 4.0 Ii. 2 60.1 13.6 45.5 t:l 
.... { 	 1.0S3 21.1 40 4 ....Ih.,.... .. 5.0 ·I.S, ·1.·1 .1.71 ·1.0 a.o Ii.n i fI.:I .,8. I 13.a 47.1 t;l 

1.0S2 21.6 ·10 2·1 ....do..... '''\' ·1.8 i .1.4,' ·1.2 ·I.ll :U :1.5 ·I.S r..2 02.1 14.2 4:l.2 
1.0S2 21.2 .... , ___.. {1 .•,In ...... ,... , 4.lll 4.·1 4.0 ·1.71 3.:1 a.1 fi.~ a.G 5:1.1. 12.0 40.2 ~ 

:3 I 	 1.08.1 21.2 40 4 ....<10 .........". 'I.a', :1.0 '1.01 3.S 2.~ ,1.:1 -I •.j 58.S 1a.1i ·16.2
4.2l 
--.--.---...... 1.0S2 21.4 40 24 ...do............ 4.2 4.2 ·1.1 3.11 :1,:1 2.7 ·1.7 4.0 Ill.r. 1-1.5 ·U.2
{ 	 o 

1.083 21.4 40 24 I'olycthylenoh'lg..1.7 1 ·I.r. a.o 4.:3 a.O, 2,; ·1.0 4.2 GO.n Ir..a ·15.0 "!1 
I I ! I I g;

I :Menn o( 15 values (3 roplicates by 5 JudHOS). 5 rcpresents the optimum score nnd I tho poorost. 

, Oolor was scored on n 6-point scnle on which 6 rcpresonted too light n color nnd .i optimulll. 
 ~ , Basod on raw cut weight o( selected strips. 

~ 
~ 
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FROZEN FRENCH-FRIED POTATOES 

• Second-stage Cooking of Frozen Partially Fried Potatoes 

French-fried potatoes that have becn completely cooked before 
ireezinO' are often overbrowned when heated for serving. Preliminary 
investigations in this study showed t11at a better frozen product was 
obtained when french frics WE're only partiany friecl before freezing 
and the cooking complcted when tllCy ,ycre preparecl for sel"\Ting. 
The same procednre of freezing a partiany iTied product has been 
trie(l out by some ])l"ocessing pl:lnts and is now being uscd to ~omc 
extent. At the prcsent time, most of the output of i:rozen partIally 
fried l)otatoes is being packap:cd in bulk or institutional-size unHs. 

To complcte the cooking of frozen partially fried potatoes, the 
nsual pro!'ec1nre in 1"(>8hn11":1111:o; or im:titntiolls ,,"ouM probably bf' 
fryin&" in deep fat. In the home. howevcr, W:ie of this procedure would 
have ctisadvantages. A more c1e'siTnble method is one that is simpler 
and requires ]10 'spccial equipment, yet gin's a, product comparable 
to that obtnilwd by d(>(>p-i'nt i'ryil1g. 

• 

To fincl such a simpEfied method~ 3 proceclllres for second-stage 
('00kiJ1g w('re iny{'stigat('(l: (1) 0\,('11. :;00° F .. 10 minutes: (2) broiler~ 
i500°, 5 minutes. and (3) o\'e11 , 500°, ij minutes plus broiler, 500°, 
3 minut('s. Stl111ples from the ~llmc pa1':i'ry lot ,,"ere preparcd for 
comparison oJ these methoels and also for cooking by the standard 
method, in decp fat at ;170° 1:01'1% minutes. The sample for fleer-fat 
f1'yi11 0" was always tlmwec1 to room temperature to prevent the extreme 
elrop in temperatme of (he :fRt that woulclresult if frozen pariTies 
\Y(Te fried off without prf'liminnr)" tlul\\"ing. Otller frozen parfried 
samplcs wcre cooked by tl1e 3 proccdurcs both ,,"it11out t1unyimr and 

• 

after thawing for 4 hours at room tempcrature, 72°. A control sample, 
deep-fat-fl'.ied without freezing-, was included for comparison. 

Four replications of the tmfrozen controls and 2 replications of 
each of the other 7 treatmcnts were used to obtain n 3x3 simple 
lattice design j~Ol' statistical analysis of the palatability scores. 

Mean palatability scores for french fries prepa1"Cd by the different 
methods of seconcl-stnge cooking are given in table 18. The data show 
that for all pahtabil ity factors except tena.erness ancl uniformity­
of-browning-, heating in a preheated 500° F. oven for 10 minutes or 
heatiJlg in lL ijOO° oven for 5 minutes followed by a minntcs in :1, 

broilcr compared byorably with the control method of frying in 
deep fat. Cookina in a broiler at 500° for 5 minutes \Vas less 
satisfactory than tlie other methods. 

All color scores were high, 4.4 or abO\"c, indicatjng that good color 
was obtained from all methods. Statistical analysis showed that no 
method was sil?nificantly better than another, The mean scores for 
uniformity-of-brO\vning (4.6) for the llllfrozen control samples fried 
off in deep fat were significantly higher than most of the scores for 
the other samples. 0ven and oven-broiler methods 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 samples cooked 01J' in dccp fat. Crispness, mealiness, and flavor 
were significantly poorei' for samples cookcd in the broiler than by 
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TABLE lS.-Influence oj different second-stage C007.,;.;/g methods jor frozen lJUrjrie(Z /lotatoes on the quaWy ot jrenoh fries, 1952 erop 

Froneh-frled potntoes 

Condition of pnrfrlcd I Moan palatability scores 1 !
Second-stage cooking method potatoes bofore cook­ Shonr Dry Oil eon­ing forco matter tentUni- I Lack­ '.rendel'­ Crisp­ n1e:..U· ~ formlty- of-oili- Flavor

Color' Iof-brawn- ness ness ness ness .... 
ing ....I____I____!____:____'____I____I____'____'____ ... 

Pounrls Percellt Percent 
~ 

Stamlard deep fat _____________________________ _ Unfrozen_____________ _ 4.6 .1. 6 4.0 4. " 3.8 2.6 4 .. j 4.0 55. 2 13.8 
Standard deep fat _____________________________ _ }"'rozcll, thn.wc(l___ ~_ .. _ 4.6 4.1 4.2 4.6 3.7 2.9 4.S 3.0 55.7 16.1 ~ 

Frozen_______________ _Oven-broiler (5000 E., 5+3 minutesl __________ _ .1. 5 3.:J 4.7 3.7 4.0 3. 1 4.2 4. 2 55.4 0.0 
Oven-broiler (5000 E., 5+3 mtuutesl __________ _ Frozen, thawed ______ _ .1.5 3.5 4.3 3.0 3.8 2.0 4.4 6.2 57.0 0.8 !'l 
OYon (5000 F., IG mtuntesl ____________ ...______ Frozcll_______________ _ .1.4 3.5 4.5 3.·j 3.7 3.4 4.a 5.7 57.0 0.9 
OYen (5000 F., 10 minutes) ____________ •_______ _ Frozen, thawed ____ . __ 4. 6 ~. 5 4.7 3.0 4.2 3.-1 4.1 7.7 50.7 10.7 1:1 
Droller (5000 }'., 5 mlnutes) ___________________ _ .1. 7 4.2 4.1 3.0 3.1 2.1 I 3.2 2.1 48.8 8.8Frozen_______________ _ 
Droiler (5000 E., 5 mluutesl ___________________ _ }'rozen, thawed ______ _ 5. 2 3.6 4.3 .1. 2 2.7 2.3 3.7 4.3 51.2 O. 1 ~ 

~ 
'J'est <1iITeronce , _____________________________________________________ ---1--.0----.8- ---.-7-1---1.-0-1---.0-[---.0-1---'8-==== == o 

bj 

1 Mean of 10 vnlues (2 replicntes by 5 judgesl excopt forunfrozeu samplo whicb was a mean of 20,'nlues (4 r'Jpiieates by 5 Jndges). 5 represents the optimum scoro nnd 1:; 
1 tho poorest. 

2 Color was scored on 11 6-point sealo on which 6 represented too light 11 color and 5 optimum. 
3 Any 2 mellDS hllving 11 difference 115 large 115 or larger than tho test ditTerence aro signifielmtly ditTerent at the 5-percent le\·ol. I 
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• 
any other method. Differences amollg the other methods were not 
great enough for significance . 

The unfrozen control smnples 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 secone1 stage of cooking. Chemical 
analysis also showed that the simplified methods for second-stage 
cooking produced 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 conventionalmethocl of frying in deep fat. 

Inspection of the means indicated a relationship between tenderness 
and oiliness, although the cOlTelatioll coefficient, -0.48, 'was not high 
enough for significance. There was no cOlTelation of mealiness with 
crispness, or of color with Ul1iformity-of-browning. 

]\I0 statistical differences ,yere caused by thawing or not thawing 
the frozen parfried potatoes before cooking by the oyen~ oven-broiler, 
or broiler methods. Since deep-fat-fried samples were always thawed 

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

Storage of Tubers and of Partially Fried Potatoes 

• 

The processing of Jarge quantitjes of potatoes as frozen french 
fries has created (1, heavy demand for raw stock suitable for makin~ a 
high-quality product. The known variation in potn.toes caused by 
variety, production area, and culturaJ conditions has made problems 
for the processing industry. Furthel'lnore, if processing plants 
operate on a 12"month basis the effect of storage on the raw potatoes 
must be considered. 

Rince storage of potatoes brillgs about changes that are reflected in 
their cooking quality, it follows that the quality of the frozen french­
fried product will depend to some extent on the length of time t1le 
tubers am stored before the padries are prepared for fTeezlllg. 

The time that parfries are held in freezer stora~e is another factor 
that might be expected to affect qnality of french fries. Dn,wson and 
associates (13) have reportl~(l that home-frozen french fries stored 
at 0° F. maintained good quality for 2 months, but after 2 months 
changes in flavor and texture made them less acceptable. Comparable 
data on commercially frozen :D:ench-fried potatoes are lacking. 

To obtain more information 011 the effect of storage of tubers and of 
frozen parfries on quality of french-fried potatoes, a study was made 
with Kennebec potatoes, a variety commonly used for french frying. 
The potatoes were from the 1952 crop growJ1 in Maine and had an 
average specific gravity of 1.080 to 1.085. 

The combinatIon plan used for storage of tubers and parfjally fried 
potatoes is shown below. 

Tubers stored at 50° F. before Parfried potatoes stored at 0° F. before 
first-stage fry (months) second-stage fry 

lllonths :Months lYlonths J.llonths :Months o (ha.rvest) _________ '- _________ _2____________________________ _ o 2 4 6 9 
~4__________________ _________ _ -------- 0 2 4 7 

--------------- 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 stored 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 01' 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 parfnes and held in freezer 
storage for 2, 4, or 7 months. Partially frieel potatoes made from 
tubers stored at 50° for 4 nlOnths were fried off and judged imme­
diately or frozen as parfrics and held in freezer storage for 2 or 5 
months before judging. 

The ehht are shown in table 19, together ,yith the test differences 
required for significance at the 5-percent level, as determined by 
analysis of variance. Some of the mean scores for color, crispness, 
and mealiness 'were significantly different fronl one or more other 
means. Except for one color score, the effects of storage of frozen 
parfries ,yere not great enough to produce significant differences be­
tween frozen samples that were prepared simultaneously but stored· 
for different periods of time. 

Covariance analysis was applieel to data for french fries prepared 
from tubers previously stored for 0, 2, or 4 months, and regression 
coefficients 'were computed that showed the change in mean scores for 
each month the parfries were helcl in freezer storage. A negative 
regression of color on storage time was obtained. An average re­
gression coefficient of - 0.10 for all lots indicated that mean color 
scores decreased approximately 0.1 for each month of freezer storage. 
No other palatability characteristics were significantly affected, al­
though very slight trends toward lower quality ratings with increased 
freezer 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 correlation coef­
ficient of +0.55 with crispness. The cOl'relatioll is of a low order, 
and no corresponding change in the crispness scores is apparent. A 
nonsignific::mt correlation coefficient of -0.39 with tenderness jnc1i­
cateeConly a slight tendency for the tenderness scores to decrease 
with increased shear-force values. 

In all of the freshly frieel samples elTy matter and oil content were 
lower and yield was higher than in french fries prepared from the 
frozen parfries. Changes of frozen samples with time in storage 
were negligible. 

The storaO'e of the tubers before pl'eparation of the partially fried 
potatoes had' It considerable influence on the palatability ratmgs of 
the french fries. Regression coefficients of color, lack-of-oiliness, crisp­
ness, and mealiness on time of tuber storage were all significantly 
different fro111 the corresponding coefficients of those characteristics 
on time of storage of the frozen parfl'ies. 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 m.ore 
rapidly in. french fries from. the tuber-stored samples than in those 
fro111 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 

• 


• 


• 
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TABLE l!J.-IJlj!ucllCc of lCllgth of .~/OI·O!I(J of /'(l/V lulic/'8 oJ/d /roz'clI por/ric8 on (Juality of /l'cnch'/ricllllota/oc8, 1952 c/'op 

'.=~~'~rfrilld.J10fntocs._ ._. J~-==~-' French·fried potntoes 

Ruw -_._--.,..----,---- a 
potutocs, Menn palatniJility SCOTt'S ITuber storage, 50° F. dry 

mutter Conditioll Storage timo 
 . I I I .-1-----' Shear I DI'Y,·I Oil I Yiold 1 !, U!lIform.! Lnek.of. 'render. Orisp. ::-rcul., force matte, con ten t 

Oolor 'j,ty-or· oilincss I ncss ness incss I'lavorhroU"JllJ1g ~ -~.-.~_~_.__I____L _ .-------'.--____l______~ ___.____~,----~-- j
Per~~~~ POllnil,'f1Percent Percent I:ercent 

I
 
Fresh •. ~h_"~. 
 UnS10l'(ld..... 5.0 4.;J 4.4 4.:1 4.1 3. r. 4.\) 3. i 53. II ll.8 49.9

22.2 !1't'U1.0U _~ ...... .. 2 months. __ • 5, 0 4. 5 4 . .j ,I. 7 4. -I 3. (I 5. 0 3.8 50. 3 15. 1 47. 7 ~ omonths (hnn·est) ••• ., 20.0 __ ... dn .••• __ •• .j months __••.. 5.0 4.5 3.0 4.5 ·1.1 3.2 ·I.S 4.0 60,4 15.8 46.6 . __ • do ••• __ •21.·1 61110ntIl5 .• __ •. 4,3 3.9 4,0 3.S 3.8 :I.:! 4.4 5,161,115.845.5 ~ 
~ .. _... cl(l _w _.... _ Omonths .• ,. __ 4.7 'I.T 4.2 4.4 4.0 3,5 4.8 5.160.0 Ii. 1 46.7~d .l'n~~h __ ...... Uns1orcd.__ ... 5.2 4.6 3, \I 4.3 3. ,5 3.0 4.7 :U 53.8 13.3 49.5 ~ 20.3 }'l'Ozen.~_.- __ ~ ..2months __ ...... 2I11ontlls...... 5.3 ·1.7 3.0 ·1.7 4.1 3.·1 4.0 '1.700.2 ]7.3 46.8 ...{ 20.6 ~ ___ ~do_ ... ,~~._ ·llIIonl.lIs.•. __ • ·1.7 4.3 4.0 ·t'l 3.7 :1.5 ·1.7 4.6 01.0 16.6 45.0 

>1 
20.3 ••• __ \\0. ____•• 71110nths...... 3.11 3.8 3.11 .I.~ 3.5 3.0 4.:! 5.2 01.8 18.0 45.7 o20,8 I·'rosh __ ...... Uns1oro(I...... ,;.0 4.7 3.7 ·1.4 3.5 2.7 4.:! 4.0 53.0 12.2 50.6 ";1 

{ 2 mont.hs____ ii.2 4.4 :1. (i ·1.7 :!.2 2.7 .1. -I 3.5 58. Ii 17.5 47. \l4 months ......... .. '.·1 20.3 Frozall~~ ... ~ ..... .. 

20.1 ••• __ do ... __ .. UlIIonths ••• __ • 5.2 .1. 5 ;!.5 4. G a.1 2.5 -t.5 .1. 8 00.0 19.0 47.1 I'tf 

~I-I--------------~--rr~.stdifT"rCnccl··· ..····I·-····--·+··..<..·--·<--+·--·· ......... .0 1.1 J.~ 1.0 .:_8. __.~s_~ .. ~L..:_=_~~~=~~ ...__~::___=== 

I Mean o( 15 values (3 replicatcs by 5 Judges). 5 ropresents tho optimum SCOtO lind 1 tho poorest. 

2 Color W,lS scored on n U-point senlo on which 6 reprosented too Jight n colOl' and 5 optimum. 
 I
3 DllSCd on row cut woight oC selected strips. rn 
I Any 2 means having 0 dlfTerenco us large liS or largor thnn tho (ost difTorenco nrc slgniflcantly differcnt at the 5.pcrcent level. 

~,... 
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the final product as sho\YIl in table 20. The palatability scores have 
been adjusted by regression to gi\'e comparative values for samples 
frozen from tubers at IUIlTcst and storcd i'or ;) months, frozen and 
held for 3 months aH('r the' tu\)!']'S ,\'('rE' storC'd for 2 months, and 
{rozen and held fol' 1111011th ni't('r the tubE'l's \\'('re stored for 4: months. 

S:unples from tubel's stored 4: months glt\'e a mean adjusted score 
of 5.5 for color, which was significantly higher than the scores for the 
sampl('s :I:1'ozen at hfu'\,est or nHer 2 months or tuber stOl:age. Ho\\,­
eyer, the lattel' samples with scores of 4:.7 and -1-.8 were of [L more de­
sirable golden-hrown color and clo~el' to the optimum score of 5 than 
the lighter colored french fries :1:1'0111 the tubers stored 4 months. 
Scores abon:~ ;) indicatpd that the ;.;mnples '\'ere too light in color to 
have the most dpsiral>le nppeal'allC'e. 'I'll(' froz(,11 french fries pre­
par('d from the tubers at harvest r('cei \'('(1 sil.!'l1 i fiellntly hirrher scores 
for lack-of-oiliness, crispness, and me[Lliness than tlie sarnples pre­
pared from the tubers stored. -1: months. Flavor scores also tended 
to decrease ,,·it'll incl'l'll::'(ld stOl'ngl' time of the tubers, but the dif­
ferences failed (0 :lpproach strLtistica1 significance at the 5-percent 
level. In most instances th(l scor(lS 'for the samples prepared for 
freezing after :2 months of tuber storage were intermediate between 
those fol' snmpll's prepar('d at harvest and aHer 4 months of tuber 
storage. 

'l'AllLE 20.-J[can palntallilif.y scores (lIljl/stccL lly "cgrcssiOn to valucs lor frozen 
II'1'nch-friecL 110/eLtoes juclgell 5 mont hs after harvcst,1952 crop 

'ruber storngo·nt···--\· ~'~:rr~: s-t~~·1 co~~r !1'.;nir~:I:i~~:·l··~~~~:·II·-;endl'r~ I· Crisp· iMC.~li·I~= 
50° F. "!(O:lt O' 10', browning OIliness neSS ness I !leSS' 

~=~s (humst). '.~l::;nths-=\ ~ --:'-1 -----;;:--4~~\;--.-1.;'\·-~'·I ~\--:-; 
2lIJOlllhS._.••••. _••••• j3111onths.... 4.8 I 4.:1 :1.. 9 4.5 3.7 3.2 4.0 
-I mlnlhs........ _..... 1 month..... \ 5.5 4.5 :1. 6_.____ ~4 6 '.~.--=-: 

TesLdi~~r~ncel."'."T.'."."'" .51 .3 .31 _~__ ~~J .5\ .4 

I All), 2 IIwmlS 1I11y!ng a dUT,'renee tiS large liS ur Iargt'r Ihan the test uitferencc IIrc signifiClInlI,' dilIcrcnt 
nt the 5-pcrco111t 1,0ve1. 

The data presented here for one variety, Kennebec from )IaillE' 
(specific gravity 1.080 to 1.083), indiC'ate that the best french-'fried 
potatoes wcre obt:tincd ,yh(l11 the samples parfriec1 shortly [Lfter har­
yest o'f the tubers w(lre frie(l off immediately or frozen. stored at 0° F .. 
:Uld given the se('ond-stage fry anytime up"to nmont11.s after harvest: 
A slight decrease in ('0101' scores with increased time in frozen storage 
appeared to he due more to a dullness of the color than to increased 
browning. This (le('r(lHse in color rating was offset by higher scores 
for lack-of-oiliness, cri~pness, mealiness, and to some extent flavor in 
the samples preparecl at har\Test. IImYe,\'el', an 'frozen samples, 
,,,hether prepared at hal'\'(:,st 01' :dtel.' the tubers had been stored at 50° 
for 2 or 4: months, made. satisfactory freneh-fried potatoes, ,yith the 
possible exception of the samples from tIle tubers stored for 4: months, 
which scored low in mealincss. Potatoes of higher specific grayity 
would be expected to give more menly 'fl'eneh-friecl potatoes. . 
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APPENDIX I~~ABT,I' 21.-1nfo/·lIwlion on the faotol's of l)I'O(Zuction oj the v(/I'ious lois of potatoes, 1952 crop 
~ '1 

Varloty anl;;:elll~o'II' IPJ:l::nng r\~~:;~\1~'1 Soil typo ]?crtili7.~r (N-P,O,-K,O) --"r;)rgl:~glls I Irrigation 1'-r::C~:IC:I~f:lIlgICideS "litO killer .... ... 
;r.. 

OhiPPcWIl: Mainc... '''1 ~[ay Ii ~ Sandy IOllm.... 8-12-12+1 percent Mg.; 2,000 -010\'01'••. _•• '~"ono ....~~~ Parathion nIHI nilhnno .•••- Frost Sept. 7. '''' 
Ih. per now. 

Irish Cobbler: Mnino ._. l\fny]5 Oct.. 8 .....do ............do .',,_................ Po[nl.ocs.........!la......... ' .. ,do .. '................. Do. !::1 

Irish Oobbler: Nor th May 10 Sopt. 28 l?nrgo silly cl"y 4-24-12; 300 lb. pcr acro........ Barloy......._.",10 .•• '_"" ])])'1'................_...... EnrlybJight. 


UlDnkota. I lonm. 
Katnhdln: Oolorado .... " Mny 26 Oct. 3 Ol'll\'cll;' lonm.. NOIIO ........... __ ... , " Alflllfll...... i nppllclltions. D1)'I'nnll Dil.hllno .......... Mechanical. 

K"lnh(!in: Maine ' l\fny 1-1 Sept. 2\l Snndy 10nIlL.... 8·l()-IO+1 pI'rc~lIt "fg.; 1,'100 Potutoes.... Nono.......... nl)'p, PII,'llthion, lind trio Frost Sopt" 7. 1;;1 


f I lb. POI' ncro. bnsic copper. t?'.1.. Konnebec: :Mllino....... !. ..dO., ... Sept.28 _•._.do....._••_.......do............................. ,(\0 .. ,_. ___....df! .• _••.• tlo... .. ... . Do . 

" o ~ .. Russet Burbnnk: \\'l\8h·l Mn~' 29 Sept. ao TJight loam O\'er li-tn-5; GOO lb. PQI' ncro ""'" Sngobrush... lliIL...... ..1 ])1)'1' wil,h f~rt.iI!1,cr llotohotllol·.< 

z IngtoJl. POll grn\'ol. I o'" >;j::; 
z ,--------~---------.. >,.. o 
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