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RESEARCH 
IN SERVICE LABORATORIES 

December 1951 
REFRIGER~TION: Storage Condtions ~ Qualitz of Frozen Fish: During a 

survey trip it was noted that quantities of whole fro zen fish were being stored 
in cold-storage rooms designed primarily for storage of packaged foods and in 
which air circulation is provided by blowers. This prac~ice results in avery 
rapid desiccation of the whole glazed fish. The purpose of this project is to 
determine what simple protective means can be taken to prevent the rapid loss 
of ice glaze and desiccation of the product. 

Preliminary results have been obtained on the effect of different methods 
of protecting frozen fish against loss of ice glaze. The results are based up
on 53 days storage of fish in the laboratory cold-storage room, refrigerated by 
means of a blower unit providing relatively rapid air circulation. The results 
indicate that relative high protection against loss of ice glaze may be pro
duced by several simple means of cutting down direct contact of the flowing air, 
with the surface of the fish. Samples of glazed fro zen fish merely wrapped in 
ordinary kraft paper showed only 20 percent of the loss of glaze whictl took 
place in completely unprotected samples. Placing of the glazed fish in wooden 
boxes without a paper liner but with the lid nailed tightly in place reduced 
the loss of glaze to less than 5 percent of t hat occurri ng with unprotected fish. 
Samples wrapped in heavy waxed pape r or thos e placed in polyethylene bags show
ed practically no los s whateve r after almost two months storage . These prelimi
nary results indicate that the problem of protection of glazed fish against mois
ture los s on a laboratory basis is a very simple one; however, costs i nvol ved 
in the application of the procedures on a commercial scale may be prohibitive. 
~lethods of rractical application will be c onsidered . (S eattle). 

COMPOS ITION: Compos it ion and Cold-storage Life of Fresh-Water Fish: Data 
on the composition of the first six sample s of yellow perch and whitefish are 
preser.ted in the follo¥:ing table; 

C S S 1 d f E h f Two ~ f Lak Eri Fi h omposition of First ix a!r~l_es Ana yZ9 or ac 0 o::>pecl8s 0 e e s 
Species Sample Fillet Mois-
of Fish Nwnber I-~ ~~h Wei~t Yield ture Fat ?rotain sh 

---:--::.----Centimeters Grams Percent Percent ?ercent Percent Percent ----Yellow perch 1 26.5 285 41.0 79.3 0.80 20.1 1.43 
(Percha 2 24.0 252 38.9 79 . 8 0. 90 19 . 3 1.14 
flavescens) .3 23.5 232 37..5 7B.7 0. 95 19.2 1.24 

1 23.0 202 39.6 7B.5 0. 95 19.9 1.20 
5 24.5 235 36.2 79.4 0.84 19.9 1.36 
6 24.5 252 42.8 78.7 0.81 20.3 1.29 

Whi tefis!l 1 50 1390 51 - 66 . 6 17 . 1 17.6 1.05 
(Core~onus 2 45 lOBO 41 72 . 5 B. O 19.7 1.09 
clulleaf0.F...!!~;.~J 3 45 975 45 71 . 2 10.7 lB . 8 1.19 

4 41 845 44 73.9 8 . 70 18.8 1.05 
5 41 835 39 72 .7 8 . 37 18. 9 1.15 
6 38 625 55 75. 9 5.68 18. 3 1.04 

(Seattle). 
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TECHNICAL NOTE NO. 16--A SIMPLE PENETROMETER 
FOR THE MEASUREMENT OF TEXTURE 

CHANGES IN CANNED SALMON 
The need for a s:iJnple objective test to detemine texture cr..anges in canned 

fish presented itself in the study by Stansby and Dassow (1951) on the use of 
frozen salmon for canning. Storage of frozen salmon for as little as one week 
prior to canning produced a noticeable chaq!;e of texture in the r est.:.l ti ng canned 
product. In all cases the texture change was one of firming or toughening . In 
same instances the change was a desirable one, but for the greater part it 'las 
undesirable. Increasing the storage time of the frozen salmon prior to tha 'ng 
and canning appeared to increase the undesirable texture chaq!;e. It (as thought 
that use of a penetrometer similar to that described by Charnley ani Boltor. (1938) 
could be used to correlate taste-panel texture ratings vQth penetration depth of 
a "needle" into the canned fish. Inasmuch as the Charnley instrument laS ound 
to be available only on special order from an ins trument maker, it was .1ecided to 
design a simplified-tyt:e penetrometer (figure 1) which could be construe ted" h 
out difficulty in the average laboratory shop. 

The primary use of penetrometers is in the 
road-building industry for testing materials such 
as tar and asphalt, which are homogeneous in re
gard to texture. Tests made on di fficult por
tions of these samples should give nearly identi
cal results. Fenetrometers are also used in the 
food industries, for example in the canning or 
freezing of peas (Anon. 1951) to determine the 
optimum texture for processing and in the manu
facture of cheese to determine the toughness of 
the product (Jacobs 1944). 

Canned fish differs in respect to tar and 
asphalt in that it is non-homogeneous in texture. 
~o provide an average penetration value many read
lngs must be taken over the surface of the sample. 
In,order to minimize the number of readings re
qUlred, penetraneters for application to food prod
ucts are often of the multineedle type, such as 
the Charnley penetrometer. 

Ten, Roberts No.2 , standard penetrometer 
needles ~vere used in this instrument. Adaptation 
of the bstrument for use with products other than 
cA.nned salmon could be made by varying the nuober 

FIG. 1 - PENETROMETER DESIGNED AND 
USED BY THE FISHERY PRODUCTS 
LABORATORY, KETCHIKA , ALASKA. 

of needle~ emplo?ed., Approximate dimensions of the needles were 1.5 inches lon a 

!nd 0.04 lI'£hes ~n diame~er. The needle point is described geoI!l'3trically as th; 
.rustum, of a co~e appro~ately 0.25 inches in len!!th. The needlor ,.... 

~ymmetr~ca~lY ~n a disc of stainless iron and shrink fitted int~ w~~~ear(r~n:ed 
ure 2). Tne arrangement of ~~e needles in the disc was such h p flg 
n:edles with the backbone could be avoided when making a te~t t a~h co:act of, the 
s,1all be referred to as the penetrometer head is a ' • e, sc, whlch 
eter and 0.3 inches thick. The total wei 1ht' of th pprox~atelY 3.:2 lnches in diam-
a~d shaft i~ 500 grams. Although the head60~ the i~s~~e~~~~e~ ~~a~, ,needles , 
s::;,gned to flt 1/2-pourrl flat cans, the measurements of the' s n e was de-
duced proportionatel'y to alloYT its use with l-pourrl tall ca lnstr~ent could be re-
the head to move up or dovID with a mi~im f f '~t' ns. n ?rder to allow urn 0 rl", lon, the monel Shaft (which is 
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system 

DIAGRAM OF PENETROMETER UNIT DETAIL OF HEAD AND SHAFT 

DETAIL OF CARRIAGE AND MEASURING SYSTEM DETAIL OF INDEXER AND GUIDE RODS 

FIG. 2 - DRAWINGS OF THE PENETROMETER. (DETAIL SECTIONS ARE APPROXIMATELY HALF S IZE. ) 
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attached to the head) was provided 'IIi th a poured babbitt bearing . The shaft 
is 10 inches long and 0.39 inches in diameter. Additional lateral stability is 
gained fram two guide rods which also serve the purpose of supporting the sample 
indexer. The needles are set in the head so as to be flush with the bot toro of 
the sample indexer. 

·.Jhen a reading is to be made, the carriage is lowered un+,il the sample in
dexer is flush with the surface of the fish in the opened can. A short turn of 
a coarse-threaded screw frees the shaft ant allows th e penetrometer head and shaft 
to travel downward. A vertical millimeter scale located directly b"3hind the shaft 
on the carriage am a graduation opposite the scale on the shaft comprise the 
measuring system. An initial reading is taken when the points of tre needlas are 
flash with the surface of the fish. Timing of the penetr9.tion J:e riod begins when 
the head starts its dO'Nnward fall and ends 60 seconds later. At the end of the 
penetration period a secom reading is taken, allowing the depth of penetration 
in millimeters to be calculated by difference. 

Although the use of ten needles tends to reduce the error due to non-uni
fonuity of the texture of the salmon within a can, it does not eliminate it. 
Better results were obtained if replicate 
readings were made with the needles in various 
posi tions with respect to the fish. An aver
age of the replicates was used in comparing 
the texture of different lots. It was found 
that about four replicate readings were all 
that could be made without re-entering holes 
made during previous readings. Since the 
texture of the salmon used in canning varies 
fram fish to fish and even from portion to 
portion in individual fis h, 12 cans of each 
series were tested to obtain average values 
of penetration. Thus, final camparison of 
the penetrometer readings between different 
series was based on an average of 48 read
ings, each reading being the penetration dis
tance in millimeters for the entire head of 
10 needle s • Each reading migh t be cons idered 
as the average penetration of 10 needles, 

~ep1icate Penetrometer Readings of 
Each of 12 Cans of Pink Salmon 

Penetration in l':illir:1eters 
Can Replicate Numb"lr 

tNu.rnber 1 2 3 4 
1 3~.5 27.0 31.0 34.0-
2 27.0 29.5 27 .5 30.5 
3 23.0 17.0 22.0 19.0 
4 26.5 26.0 28.0 29.5 
5 28.5 23.5 30.0 25.0 
6 19.0 21.5 20.5 20 . 0 
7 16.0 16.0 17.5 15.0 
8 19.0 14.0 23.0 16.5 
9 11.5 11.5 13.0 13.5 

10 20.0 22.0 23.0 20 . 0 
11 23.0 20.0 24.0 23. 0 
12 13.0 13.5 11.5 13.5 

each needle activated by one-tenth of the total weight of the head. The table 
shows a series of lyadings taken on 12 cans of pink salmon, 4 readings being 
taken on each can.-

.to Earlier tes~s iniicated that the rate of penetration is very high at the start 
o~ the penetrat~on period, but falls off rapidly after the first five seconds 
A 60-second penetration period has been used for all work done to date wi th this 
instrument. This allowed ample time for the rate of penetration to decrease to 
a very small value. It is quite probable that the time of penetration could be 
r~duced to as little as ten seconds and still give reliable results 
17 THE DATA PRESENTED ARE FOR CANNED FRESH PINK SAL ( • 

LAR SET OF DATA FROM A SAMPLE THAT WAS PREPARED ~~~M ~~g~~~Y~CHUS GORBUSHA). USING A SIMI-
STORAGE AT 00 F. FOR 6 WEEKS PRIOR TO THA INK SALMON WHICH HAD BEEN IN 
WERE COMPUTED: MEAN PENETRATION VALUE C~~~~O~ND2;A~N~G~ THE FOLLOWING STATISTICAL VALU ES 
ARD DEVIATION CONTROL 615MM' F ' "" FROZEN 6 WEEKS, 12.7 MM.: ST AND-
CONTROL, 2B.6 PERCENT; fROZEN 6 WEEK~OZ~~ ~ ~~~~~NT3.4~1~~C·:A COEFFICIENT OF VARIATION, 
BILITY, CONTROL, 23.9 -.19.1; FROZEN'6 w' . I L LIMITS USING 1 PERCENT PROBA-
DATA GAVE A "T" VALUE OF 8 <)7 WITH THE DE~~KS, 14.1 - 11.4. COMPARISON OF THE TWO SETS OF 
SIGNIFICANT DIFFERENCE BETWEEN THE TWO SAMP~~;.OF FREEDOM EQUAL TO 47, INDICAT ING A HIGHLY 
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Figure 3 illustrates the 
current application of the in
strument described in this note. 
It is a curve showing texture 
change (by penetration depth) 
versus length of time that fro
zen pink salmon were kept in 
storage at 0° F. prior to thaw
ing and canning. The depth of 
penetration is inversely propor
tionate to the firmness of the 
fish. Organoleptic observations 
of samples similar to those re
ported in the graph, indicated 
tha t a dry firm texture of the 
canned salmon was related to 

FIG. 3 - EFFECT OF STORAGE OF FROZEN PINK SALMON ON THE 
TEXTURE (PENETROMETER READING) OF THE SUBSEQUENTLY 
CANNED PRODUCT. 

the length of storage period of 
the frozen salmon prior to can
ning. The graph, prepared from 
the penetraneter readings made 
on 4 lots of canned pink salmon, 
confirms this relationship. Fur
ther work is planned in which 
the instrument will be used for 
objective comparisons of the 
texture of canned salmon frozen 
for much shorter int ervals prior 
to thawing and canning. 

ANON. 
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(The Ketchikan Fishery Products Laboratory is operated jointly by the U. S. Fish 
and Wildlife Service and the Alaska ¥isheries Experimental COrmI'.ission.) 


