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COLOR MEASUREMENT AND ITS REILATION TO GRADING
OF CANNED AND FROZEN CGREEN BEANS

CHAPTER I

INTRODUCTION

The color index is regardeﬂ as ons of the important
fastors in most of the stendards cstablished for agricul-
tural products. Some agricultural products, like cotton,
are valued according to their color. Color is also re-
garded as one of the factors in grading other agricultur-
al products like rice, honsey, meat, grains, bread,
mayonnaise and various dalry products. The same 1s true
in grading of frults and vegetables.

It should be noted that though color has an eye
-aﬁpealimg value 1% also has relationship with various
other factors which determine the quality of the product.

le Maturity as in the case of fruits and vegotables.

2. Cultural practices.

5. Ingredients used in products.

4. Index of baking in bakery products.

5. Spollage of products,

The color of fruits and vegetables however, is
specific for a particular variety. For instance, in case
of apples the attainment of a particular color will not Dbe
common to all. OSomée apples attain a characteristic red
color when they are fully matured while others remain

green in color in their matured state. Determination of



ehange in color with maturity has baen found heolpful im
determining the changes in the oconstituents of frults, like
dextrose, levuloge, sucroso and starch, titrable acidity,
and percemtage dry matter. Lottt (2) of Univeréity of
illiﬁoia.has made studles on changeé in.refleétAnc@ of
flesh end skin and im caﬁﬁasitiom of maturing Transparsnt
and Dutchoas apples.

(2) Color of frult is affected by various cultural
and environmontal facters such as pruning, thinning, culél-~
vation and fertilization. gourley & Howlett (3) report the
work of Dustmsn and Dunsan of their oxperimznt on tho of-
foots of sprays on the developmont of red and yoellow pig-
ments in the apple. HMagness {(9) has roported his obsorve
ationson rolation of leaf area to color. He has alsoe
studied the offect of 1ight in relation with color. It is
therefore eviaenb that in many cases color determination
sorves as en indox in determining the quality of the fruit
as woll as végetﬁble erops3, deponding however upon the
variety and 1ccality>whér@ it is grown.

(3) Effect of variation in ingredients on eolor of
differ@nt products have beon studied. In case of chocolate
asidlty of milk and quality of soda are important factors.
Sweet milk prbduces a dark cake, while-sér@ngly ecld milk
produces mueh lighter color (4).

Color is an important faeﬁor-in the consumer?s



proferonce for foods. Unbalancod diots may freguently bo
laid to foods unattractive in solor. @Greve reports that
Pavlo and other sciontists (4) have proved that psychologe
jcal appeal has & definitely stimulating effect upon
digestive processes.

MacGillivray (7) made stdics on tomato color as relate
8d to quallty in the tomato canning industry. He has made
studies on the effect of heat, dilution, suger, iren end
oopper salts and other ingredionts like splces, on the
color of tomatd julee, tomato catsup, pasteo, ste.

(4) Even im bakory products the color of the pro-
duct is comsidered as one of the easentiel factors in favor
of the consumers. In bread the eolor of the orust and |
erumb is of intorest to the coreal chemists A reddish
browa erust is assceciated witn high sugar contont and this
in furn ﬁith diastatic activity vhich wmay be correlated
with flavor, strongth and good loaf wolume (5).

. (55 Hethods of processimg, packaging and preservatim
has also an impor¢ant bearing on processed fboas and
especially with frult julecas Fruit and vegetable juleass

and their products lose thelr flaver and ¢olor more rapidly
.if processed too loag at high %@mp@raﬁureé. Similarly,
light ocauses chango in color of products stored in glasgs
bottles or jars. Tho mecthods of preservation vwhether in

the preséence of prescorvatives or othor substances or im



tho absense of these will have am effect om rotention op
1039 of color of tho product. |

From all those pointe 4t Wﬁii'h@-asenfﬁhat c@%bﬁ
eont?ﬁﬁaﬁes'aéwon@'oflth@‘gr&@ing fa@tdfs and is an index .
which Godermines one of the vapisble factors mentioned
ahOV®'@é8p@nsﬁbﬁe.fd@fﬂﬁé chango.
| ‘B, 8, Dopartmont of Agriculture has lald dovn stand<
ards for frech, canned, &énd frosen L£rults and vegotables;
but for some products liko boans, no range of color is |
fized for qual ity, but only an uniformity of color is
desired imn cannod and frogen boand at the prosent time.
(12-13).
) With this in view the preosent work of ¢olor measure-
ment ©f canned@ and £rozén groeon beans was carrled oute

In the present work, attompts wero made to find oubs

(1) A suitablo mothod of ¢olor detormimation in
@wereom&ng the diffi@ﬁlﬁiea alforded by uneven @méfae@s.

{8) ¢olor ané £€@ rolation to sieve size, varisiy
end localitys,

(3) Color and its rolation %o quaiity gradoss



CHAPTER IX
LITERATURE

Uhat ig color?

Coloxr of an objoet as onc observes I8 simply psycho-
logleal or optleal sonsations. Psychologieally, eolor is
ropresented by the three attributeSg -Hue, valus and chrom.
Physicallyq_it‘i@ ropresented by a domlnant wavelengbhs

Tne colorist 1o interested in reproducing or mateh-
ing eolows. Tho physicist 18 interested in the wavelengths
and intonsitios of the light end lighting, The physiclan
is interested in the diagnostic significance @f coler.

The artist i lntercsted in the pletorial effect, the
psychologist in the omotional 6ffoet of color, and the
chenmist wants ¢o lnmow the composition end concontration of

- the piguonts or dyes (1).

(A) Paychelogioai métho@&

Imlgualita%ive method, a color of & sémple oan
bo eoapared aiﬁply by comparison with éﬁhar samples, and
one would say that the one is wmoro lighter or less 1£@hter
than the other, but one cannot detsrming to what degroe in
color they differ from one anothore

(a) Color ocharts



The system of comparing color with some
definite standards qualitetively include the color chert
systoms im which a large numbor of colors with different
‘hue, valuo, and ¢hroma are printed on paper in definite
gradation. ' The Vasrs and Paul dictionary of colors in-
cluds & large number, 7,086 solerss Hue, valuc and chroms
are no% stated dbut each color is given an ldentifying
narkie (8).. In numevous U. S. grading standards of fruits
ond vegetobles these echarts are used for grading the color
of the products. |
{v) Lovibond systom

| - Anothor sy@é@m of color measurement common-
Ly ua@d'speciallyibr oils 18 tho Lovibond system. An
instrument knowm as ¢tho (intometor was devised by J. W,
Lovibond for the analysis, synthosis, matehing an@-'
moasuremsnt of color. -As deserlbed in the advertising
oireular, 1t s a oyotem by mosns of ubich the depth of
golor in liqulds gnd sclids ean bo measured im degrees,
plaee@ in their pomiﬁﬂ@n in a pevman@nm solor scale and
registored for r@pmodu@tion at any ﬁimm. 1% consists of
graded series of stamdards made of celore@ glasses nurbered
according to thelr depth of color and an instrumeont foy‘

holding tho glasges and the objoct to be maasured {(2).



2+ Quantitativo

In quantitative mothod, it 18 possible to dster-
ming tho exact degres of colox and thus ome can comparse
the ‘colors from each other evon though they may differ
slightly and the differonce may not be perseptible to the
observer without the uwse of the instruments

Color is specifiscd psychologically by means of
the three color attributes nemely: Rue, value and chroma
{10). In theso mothods 1t is important ¢to have the same
and uniform oonditions of light and surroundings, through-
out the color-m@&sur@m@n% of samplos, because any variation
in tho conditions under measuremont will affect huo, value
and chroma. %his gystem of color measurement 1 basod on
trichromatic specification i.@p.wh@re the eoler is d@fim@d
in terms of thre@~apbitrary.primamiess Red, bluse and
greens ,

ta) Munseld solor system

Munscll eolor .system consists of various
diasks of different huc, -value and chroma and the nautrélso
These disks aro solected and the areas are adjusted o
match the sample under examination. Ia this instrument
oither the disks ave rotated or the reflseting rays from
the diaks are rotated by @ prism in order to obbtain
uﬁifOEm color. The latter system is more commonly used.

(b) ReRleoction meter calibreted ¢to I.C.I. system



This instrument consists of & search unit
and has threo filters: Awber, groen snd bluwe. Each filter
i3 calibrated for reflectance againa$ a roflecting surface
of magnesium oxide plate, which is arbitrarily assumed to
have 100 por cent reflectance. The search unit is placed
on the sample with successive filters attacheds The degros
of sensation produced by these filters is wmeasured in
torms of equivalent stimulus produced by the photovolt
metor. The readings are read oa the scalos The readings
thus obtained ¢an be canvért@d to I.€C.I, notation and

finally in terms of hue, value and chroma,
(B) Physical methods

Spectrophotometers

The methods above deflos the sensation produced on
the eyé by & eolor. A @p@etrophotam@t@r defines the
stimulus vwhich imcltes that sensation,

Spectroﬁhotom@try may be defined as the messurement
of relative intensity of radiant energy as & function of
wavelongth or frequoncy. This onergy may be that omitted
by 1lncandescent or other light sources or it may be that
transmitted, absorbed, or reflected by transparent or
absorbing materials.

The geoneral mechanism of spectrophotometer consists

in dispersion of source of light into lts spectral
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componsnts, and then isolating monochromatic boams. These
beams are then further divided into two oqual parts of the
same intensity. One of thobeams 18 allowed %o pass or re-
fleeted and the second beam 18 adjusted to get the egual
intensity. The intonsities at diffeéeront wavelengths are
measured on the scalo, '

There are certaln types of Speeﬁroph@tom@ters where
phoﬁoeleatfic cells are used. The photoolectric c@lls.
under the aoction of radisnt energy of the proper wave-
length furnighes another and beittor weans of transmissive
or reflective measurcments.

Spectrophotometers are of great valuc in the study
of'ehemieal anaelysis, structure and pﬁrity of the chemical
compounds of wide varioty. Spectrophobometers are of

great value in detormining the ultra violet amd infra red
.ragions vhere eye is not able to locate tho color.

The aspeetral reflection or transmission data obtain-
ed fram the results ave plotted on the graph which give
the percontage brilliance for all the vave-lengthe through-
-6u% the visiblo spectrum. TWo colors having identical
spectrophotometric roadings are assumed to be the same
under the same conditioms of 1lluminationm.

] T%e.practical difficulties, however, in uwsing this

instrument is that ite complicated mechanism and inter-

progation of results are rather difficult for an untrained
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man to handle, and secondly 4%t involves measuremonts of all
wavelengths for specifying a single eolor. For routine
vork of measuring coloy of products for determining grades
vhere simple interprotation of results and simple mochanism
of apparatus is desired, spectrophotometrie data will not

serve any practieal purpose.

() Details of the lunsell syétem of color notation

The preésent work of color determination vas carried
on by the lMunsell system, and it is thersfore neeessary to
describe this method in more dotaill.

This system of color notatiom was developed by A. H.
Munéell in the early part of this century. The color is
exprossed by three aﬁtribuhes: ‘Hue, value snd chroma.

The Muncell hue is divided in 10 major hues:

RsRed '~ BGtBlus Greon
YR:Yellow Red BiBlue
¥sYellow PB:Purple Blue
@¥iGroen Yellow  P:Purple
- @:0roen RP:Red Purple

Each hw vcan fur ther be divideé into 100 or even 1000 parts
at econstant value and chroma (10).

Yunsell Value is divided into 10 equal parts from O,
blaek, to 10, vhite. Thus a part&cular‘hte mey appesr
different under different lightnoess.

Funsell Chroma is that the colors possessing the

same hué an@ value may differ in saturation or
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soncentration. Tho chroma i8 dividod from O to 10 and wp-
vards, in numeriecal order with 0 at gray extonding outward
towards 10 or more for the strong colors. Thus for exn-
ample Munsell eolor notation of 5 GY 5/9 ropresents that

- hue i8 5 QY, valuo & and cohyromm Q.

(D) ZI.CeI. color specificdtion and tho Ifunsell system
Thne I.C«I. 8ystom of color notation is based on the
spectrophotometric color determination in torms of equivae-
lent stimuli. The Intornstional Commission of Illuminants
adoptod a meothod to bring about an Intornational standard-
dgation in 193l. Tho rosults wore computed for stamdard
obsorvers and standard illuminants. The tristismuluc
valucs vore adopted by the I.C,I. for various spectrum
colors. X, ¥, and Z reprosent the absolute tristimlus
values of the threo imaginary primaries, red, blue and
gr@@né and x, §, end 2 indicate @he amount of each of the
I.C.T7. primaerics that 1s required Yo color mateh a given
. samples Thosce quantitics are called the trichromatic co-
officientss The quality of the color (chromaticity) is
roprosented graphically with x and y ¢oordinates on &
graph of a givon valuce The I.C.I. colorimetrie data
adopted in 1931 ropresents dominant wavelangth, bright-
noess and purity which oorrespond to the threse Munsell

attributess Bue, vailuwe and chroma. The L.0.XI. notation
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for all the Munoell color charts 18 now availablo. The
graphical roprosontation of leei of constant hue and
chroma in Z.C.I. % and y coordinates from values i to 9

18 shotmn on each chapbe

(B) Mothod of computation

The rolation of NMumsell hue, value and chroma have
thus been studied in I.C.I. torms and data are avallable
for eanvarting from one to thé other. The T.C.I. ¥ |
ogquivalonts correspond %o t2 Junsell wvalue scale. From
the charts of constant locl of constant hue and chroma in
I.6.Is % and y coordinates at values 1 %o 9, it is
possible to convert Munsell notaticn &0 I.@.i. Sp@eificé—
tion and vice vorss.

For exemplo 5 Y 5/6; 8 GY 7.1/10.45 N 1 ané ¥ 6 disks
wore roquired to match color of a canned bean sample. The
p@weentage of those disks requirsd vere 3.6 per cont of
53:&‘5/6 (X = ,0066, ¥ = ,0069, % = ,0018); 16 per cont of
8 GY 7.1/10.4 (X = ,0494, Y= 0723, 2 = ,0232)3 7845 per
cent of N L (X = ,0118, ¥ = ,0121, % = .0146); and 2 per
cent of ¥ 6 (X = ,0087, ¥ = ,0089, 2 = .0018), under
L1lluminant € resulted in & ooler @paeifioation for the
sample of X = 0715, T = ,0051 and Z  .0442. & = ,3390
and 7 & 4510, Prom tablos of I.0.I. Y ogquivalents the
Hunsoll value for ¥ = ,095) is V = 3,59, The valus lies
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botwoon ¥ and 4 Thorefore the lunsell hue and chroma can
vo fourd out by interpolation of charts of value & amd 4.
Upon plotting on tho chart of value 3 for n 3390 and 7
4510, the hue aud chroma aro Lound to be 6.7 G¥/4.6 and
likewise from & chart of valm@‘% tho samo obsleca and
ordinates yielé a huo and chroma of 6.7 @ﬁ/&. It 3
found in this eese that zhe huwd r@m@im@ pfac%ically tho
same 1.0+ 8.7 GY bug the chtoma in this ease will be
éhr@ma 2t 3 plus 89 of the differenee of chroma ot value
3 and 4. ihe‘intérp@lat@d chroma will be:
S e 089 (6 « 448) = 4,79

Tﬁe.compleee notation for the ¢anncd bean sample will be:

| 847 GY 3459/4479
Similarly the'revemé@ notatlon from Hunsell notation to
I.C.I. notation can bo caleulaﬁeéa'

Some of the V. 8. CGrade Standards 6f'Sp@@ifying_color
of many products is w&gr@sémtad ﬁy‘ths p@%@@ntag@ of aisks
required to mateh the coler. In this mthod computation
of color into one aingle notation 19 not required. e
sample 4is said to bo darker or lightor than tho disk com-
vination or to be' within a certaln color ranges Tais
mothod 1 uwseful vhore color 1s mb& required to be
specified and also for rough doteymination. But 1t is
more convenient %o speclfy the color imitsrms of specifis

8ingle notation. This facilitates one to xkrow wilthouu
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any confusion tho degres of differemce not only inm hus but
also in value and chroma, no matter what disks are used $0

make the color matche
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CEAPTBR IIIX
EXPERIVMENTAL
Mothods Adapted in the Neasuremont of Color of Boans

A. Adjustmont of the apparatus

The apparatus used for coloy measuroment is manu-
fastured by Keuffel & Essor Companys, This type of‘colori~
moter is.naw no longer manufactured by the company. The
" instrument has tho followving features (1ll):

le The use of disc mixture of lunsoll papers makes
it poasible to uwse the results in terms of psychological
attributes: Hue, bprilliancse and chroma.

2. The instrument may be adjusted to measure cither
a large or smell aroa. |

8. It monsures the averags solor of a highly
variegated surface.‘

4. It has a unique method of illumination by oross
lighting.

The photograph of the instrument and diagram of the
optical system i3 shown im Figures 1 and 2.

The illumination ia:n@pli@& by two lemps which are
g0 placed that they are in & horlzontal plane with the
ecenter of the sample and in a vertical plane with the

centor of the dises. Tho lamps are of 50 volts and arc
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Figure 1 - Munsell Disec
Colorimeter#

Vo rTagnT 90 again Ny - L p—

Figure 2 - Optical System
of the Disc
Colorlmeters

#Nickerson, Dorothy. Jour. Opt. Soc. Am.
Vol. 21, No. 10, 1931
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of movie projection type with four filamsnts in the same
planc. This has the advantage that the 1ight thet is givem
off at right angles %o the plane of the four fllamsnts is.
greator than that in tho samc dircotion whon the lampse
rotated through 90 degress. By adjusting the lamps, the
bases of vhich are provided with a slot and screw for this
purposs, thé light on tho semple -surface may bo made equal
to that on tho dise surface. .' |

In order to adjust oqual illumination on both, tho
samplo and tho spinning digks, one disk was placed in the
place of the scmple and a duplicate was placed in the
place of the disks. Both.thaae dicks vwere gray and of
the same'value; Tho 8ilde lamps were then adjusted at am
angle wntil the color of the two dislks appoered the samo
sfter opimning the motor at high speeds

B. Arrangement of ﬁbe'sample_umder_Measuremant

It is alvays easy to got a p@ff@otly flat surface in
case of liquids and powders. Theso substances can be eveon=
ly spread. In ¢as¢ of other products it is rather diffi-
cult~%o.have even suprface without properly.arranging the
' érodu@t to get almost uniform flat surface. If the our-
face i3 not flat there will be o differenco in reoflecting
areas all over the surface éf tho sample. Secondly the

product like beans may offer another difficulty of gotting
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dark and shaded areas if they are not slosely arrsnged op
if thoy overlap.

Fremfth@ folloving oxample (Tablo I}, it will be secen
th@nﬂiff@renca in color measurement duo o even, flat osur-
fage and uneven Surface. From th@_figur@s in ¥able X, it
48 seon that h@anﬁ‘aﬁrangéd“wiﬁh uneven suFlade. pecome
darker due to shaded areas. The hue chifts more tovard
green apfi valuo bocomes less chroma in the first tuwe
gamplas showed an inéteasa, but im 6296 of No. § sizo beans
4% showod a Blight deerease.

| Beans were srranged im the petri dleh closely without
keoping any distance betveen the beands. Twe layers of beans
were arranged in such a menmer; finally the boeans wér@
8lightly pressed in ofdeﬁ to glve & uniform smooth surface.

Tho arrangement is shown in Pigure 3.

" In order %o have & proper area of bean surface it was

found necessary o have a petri dish of 6 inch diameter



Table I

Diffeorence in Color loasurement due to EBven

Unoven Surfeco of Beans

a9

and

Aép@ragu@
Noe Noe S3tyle No.
_2-3-4 - 8 (uhole) 5 _

. Bans With 6e18 Y €.15/4.87 5480 Y 4.67/5.14 6.3% Y
even, flat £.70/5.62
surfaece .

Boans with 6480 Y 3.93/4.97 6425 Y 4.61/5442 6.38 Y
uneven '

surface

 4463/5.44




- —— e — = -—

-Flgure 3 Arrangement of the beans for color
measurement

194
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In case of o dilsh of smaller dismeter of 4 inch, the area
focussed wes found larger than tho dish.

Avoldance of refleecting surfaces

- In order to minimize any reflection from the dish
which might othorwise cause @ifference in matehing colow,
the 4ish was painted black with black peint. This reducs
ed any rays of light reflecting bacsk, ~Change of surround-
ings, colors of baekground can aloo ecause difference in
resultses To avoid all theso differences tho samd condi-
tion of surroundings and background sh@mld'b@ maintained
throughout the eoxperiment. Tho instrument was ploced in
o dark room and tho walls were alse darkened.

Cholce of disks

A judgment of "mateh" i not an exaet mattor. It is
made within & tolorance and the roduction of that tolerance
to its smallest #izc chould be the sim of every operator
(11). _

Some colors like green or green yellow reguirs
several trials to sclect proper disks to get a mateh withe
{n folerancec. | |

Anothoy important point of oconsideration is training
and strain on the oye. Aftor several trials tho eys ba- ,
comes oritical to mark sharply the difference in color.
Socondly it should be noted that too mueh strain should

not be glven to tho eye, otherwise due o fatigue of the
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eyo it 49 not able to mark minute differences vhich may
cause Gifference in color moasuremente

After proliminery trials the selection of disks was
made. An abtompt was mede to have disks frem yellow &0
green. yollow to cover Cthe range fof all the samples of
fresh, canncd and frozon beans, But it was found ‘thet -
tho samo disks which were used for canned beans could not
be unsed for frogzen beens. Pirat, the canned beans were
more towards yollow side and chroma was less than the
frozon boanss e {rozen Ea@ns vere more towards groon-
ish yellow tham yellow,and at the same tine %h@ chroma
wags moro than canned beans.: For this roason a disk of
higher groenish yollow hue and higham carows did not
suit the purpose for canned samples. The neutral Aisks
used for both camned and frozen sambla@ were Ny and Hg.
in pfacﬁie@ ii ig net possible to £ind a disk of oxact
hu¢, 'value and chroma to match a given sample. It is
therefore necessary to dslect Ltiyo disks of adjacent hues
within the range of whieh the hue of the sample wmay lie.
Similavly for‘aﬁjuﬁﬁﬁng the value it is necessary &o
seleect two Gisks of proper valup rangs. Thus it 48 nece
ossary to have four disks which can be adjusted con-
veniently to give an exact match of the sample. ThRrough-
out the whole work an average of thres readings was taken

for caleunlation. The solection of disks is shown in Table II.



TPable IIX

Suggested disks for fresh, blanched, canned

and frogen Doans
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Lo

e

Se

4o

prash  5Y 5/6,

Beans

Blanched 5Y 8/6,
Boauns

Canned 5% 5/6,
Beang

Prozen 8Y 9/6
and
thawed

5“63‘5/8‘v B

8 6Y 7.1/10.4, ¥ 1,

5 6Y 5/8 1,

8 GY 7.1/10.4, ¥ 1,

¥ 7

H S

¥ 5




Results
Source of samplos

It was thought advisable %o collect samples direotly
from the eannﬂng faot@rieé'whieh.were processed and market-
ed undor tle same conditions of blanching, grading accord-.
ing to sicve si#e&, otte : ,

 %he @a@pl&s wore obtained fmqm Oreogon, Weshington and
Louisiana states. Féw of differ@ﬁt branés ware purchased
from the storess The variletles available wore Blue Lake

Regular and Stringless strain and GiantStringless., I
roguesting these samples, attompts were alco made to geb

the previous history of the samplos, as rogards varietdy,
date of packing, loeality where 1% was grown, S8leve gize

and method of‘proe@asing.
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Teble III

Color determination of fresh groen beans

ascording to tho sleve sises

(Variety - Regular Blue Lake)

Serig) Sieve Busg Value Chroma

o Noe

Le 1-243 4.92 6Y 4,91 3,96
2, 4 5,60 GY 5,03 4460
5o 5 3,30 GY  5.02 5480
& 6 3,86 0OY 5,28 4404
R Cull 2450 GY . 6,03 4460

From the above results it is seen that the range of
hue lies between 2.5 GY to 5.6 GY, the value lios betwesn
4.9l %0 6.03 and chrome lies between 3.80 to 4.60. As
rogards valué it is seen that 1t imereasss with the size

of the beans, Chroma alse shows an inerease sometimes.
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Table IV

BEffoct of blanching on hue,

value and chroma

Sor. Slove - Color bvefore Golor after
No. No. blanching 5 blanching
flue  Value Chroma Huo  vaiueo  Chroms

6o 1-2-5 4.920Y 4,00  5.96 6.25 OY 4.58  5.58
Toe &  Be6OGY 5.05  6.60 4,90 GY 4.83  5.07
B. 5  3.500Y 5.02  3.80 4.90 GY 4.85  5.07
S¢ 6  5.86 0Y 5.28  4.04 5.44 GY 5.14 5,88
10.  Cull 2.50 GY 6,05  4.60 B5.44 6Y 5.14  5.88

From the above rosults it is seon that the color 1isa
improved by blanching. There is not mueh change in

value but there is a slight increéase in chroma.



Color dotermination of beans f{rozem and

Table V

thawed in the laboratory
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Ser. Sieve Color of blanched

Color of frozen and

Cull S5.44 GY

Noe. Nos beans thawved beans

1o 1-243 6,25 G 4.58 5.58 2.5 GY 4.04 4,20

B 4 - 4,90 GF 4.85 5,07  2.50 GY 4.61 5,50

B. 5  £.90 GY 4.85 B5.07  2.50 GY 4.62  5.30

Ge 6  Be48 GY B.14 5.88  5.00 GY 4435  5.26
8 5.14 5.88 5,00 GY .35 5,26

Blanchod beans were frozen and oxamined after 14 days

after compleote thawing at room tewmperature.

Prom the above figﬁras it is geen that blanching on

tho whole improves the color of the beans, but on thawing

the color on the contrary seems slightly faded.

There is

practically no change in valuo and chroma in blanched and

frozen and thawed samples.



Table VI

The range of color of commercially quick frozen

Eéans after thaving at room temperature

(Daie-of packing: Adgﬁsé’l@&?)

Variety: Regular Blueo Lake
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Sieve

Value

Chyoma

Ser. Bae

Ho. Hoo. -

1. 1-2-3 6.04 0Y 3.54 4,85
2. 1-2-3 6463 6Y 3.65 4,79
3.  1-2-3 6.00 GY 3.63 4,78
4y 1-2-3 6.70 GY 3.59 4,79
5o 1-2-3 5.87 GY 5.18 .47
Ge 1-2-3 7410 GY 3497 8.00
T 1e2-3 8.80 @Y 377 5426
8o 1-23 6494 GY 3.80 5.20
94 1-2-3 6473 GY 5.76 5421
10, 152-3 670 GY 359 4,79
13, 1-2-3 6445 GY 3.87 5.91
12. 6.80 6Y 3.64

1-2-34

4459

From tho above results it is seon that the hue liea

betueen 5.87 GY to T+10 GY value lies botwesn 3.18 to 3.97

and chroma 1i¢s betwesn 3.47 to 5.91.



Teble VII

The range of color of cannsd beand from
idontical rav material-

(Variety: . Reguler Blue Lake)

Sor. Sieve Hue Value Chroma
Wo. - Hoe . - - - -
1. 2 (Faney) 6.19 ¥ 3415 346
2 2 6.78 ¥ '}%,%@ 3.84
3 8 (Faney)  3.90 % 5461 3,80
4 2-3-4 (Cuts) 5.80 ¥ 4,00 3480
De LuBwds
(Bhort ocuta) 6,50 Y 5482 3016
Ge 4 6464 ¥ 5,29 4483
miv. él ' 50 @4 Y 5666 5066
8, ' & 5.80 ¥ " 4442 4.4
G 5 {Bxtora '
‘ standard) = 6«60 ¥ - 8415 3,80
10. . 5 (Bxtra
' standard) GeR5 Y 4850 Se85

11. 6 (standard) 5.62 Y 4,92 Be 52

From the abave résulta'it is a@@n'that hu@ lics hé-
tween 3.90 ¥ to 6.60 Y, value lies between 3.61 to 5.28 or
say between 4 to 6 and chroma lies between 3.60 to 5.52 or

8ay between 3.5 to 8.



Table VIII

Tho range of color of canned beans of
the samo variety and different sieve
. 8lzes

(Dase of packing: 1947)
Varieoty: Blue Lake 3tringless

Ser. Siéve Buo R Value Chroma

Wo. Woe _ B

12, 1 (Wholoe) 5,18 Y - B.77 3.90
13, 1 (Wholo) 6412 ¥ 4,13 4.70
16, _1 (Mholo) _ 6.08 ¥ 4.03 4,66

~ Average B9 X 207 7,41
16. 4 (Pancy) .05 Y 4.39 4,91
16. 4 (Pancy) 820 Y 4.47 4.47
7. _4 (Faney)  6.60 ¥ 4481 4,88

- Bverage _ _Ge28 ¥ 4,39 2,75
18.  5(Ext.standard) 5,92 ¥ 4.61 4.64
19.  5{Bzt.standad) 6.48°Y 4433 4.57
e
21. 6 (Stendard) 6.60 ¥ 4442 4,94
22, 6 (Standard) 6.0 ¥ 4,48 4,76
25, __6 (Standard) 6,02 ¥ 4,52 4,82

EVerage 8,82 ¥ 4,46 .84

From the above results it 1s seen that the average
hue, value and chroma for sieve No. 1 is less than that
of sievalNo.)é-S and 6. Beans of sleve No. 6 are on

average lighter in eolbr.
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Table IX

The range of color of canned beans
of the samo varioty packed by
gifforent companies

(Eaﬁ@ of packing: Augus{ 1946)
- Variety: Blue Lake Regular

Ser. Sievo Huo Yalug Chroma

Hoe No.
24, 1l-2-3(Paney) 6.50 Y 40,16 4483
28, 1=243=4 8.14 X' 4,20 4.84
26, 2 (Paney) Be46 ¥ 4e35 .21
g7, . 2 (Faney) BelZ ¥ 4e37 4426
28, 4 (Fanoy) 6406 Y 4.45 5.26
20, 4-5 8410 ¥ | 4435 4,95
30. S (Bxtra |

standard) 8,08 Y 4448 $4490
32 & (Extra

standard) 6405 Y 4,52 5.02
32, 8 (Extra

standard) 8,14 ¥ £33 85403
33 &=6 8.10 Y : 4439 364
34. w6 | 8,17 ¥ 8498 44565
38, 56 Ge25 ¥ 394 4.38
36 G (Standard) G.25 ¥ 4439 5611
37, 6 (Standard) 6.36 Y 4e B4 528

Prom tho above resultés it is socn that in genemal

the color of the canned beans does not change consider-
ably bub remains practiecally the sams after two years

storage. The value also remains practicélly the same,
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but it is noticed that chroma is inoreased slightly as
seen from Wable VII.

Tabise X

Tho solor of canned groon boans of two

different varieties growm and packed in

the state of Washington

Variety Sieve

Sor. Hue Yalue Chyoma
Noe Voo
38, Regulay : 3
Blue Iake 5 Standard G6.20 Y 4454 5. 20
39. Do 5 Standard 6,80 ¥ 4.52  5.36
40, Do 5 Standard 6.02 ¥ 4.73 5.18
| Avorage 6.28 ¥ 4,62 5. 34
41, Bluo Lake
Stringless & Standard 6.60 ¥ 4,88 5. 26
42, Do 5 Standard G6+60. Y 4,53 5e 26
43, Do § Standard 6.60 Y 4.52 5.22
Average T 8.60 ¥ 4456 B.26

From the above fasulﬁs it is seon that there is a

#light differcncsc between two different varieii@s of

green beans,

The hue of Bluo Lake Stringless ic on an

aeverage more than the Regular Blue Lake varlety. As

regardo value and chroma there is practically not much

difference.



Table XI

The coler of canned g&éen beans grown
and packed in the stats of Louisiana
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Va;ue

Ser. Variety Slevoe Rue Chroma

Noe fo. '

46, Glent 8 (Exbra G.28 Y  4.40  B5.00

stringloss standard)

45, Do .5 De 5408 ¥ 4438 4,70

46, Do 500 . 6.4 Y 4483 4.95

&7. Do B De 5.80. % 4.24 ¢4 67

48, Do 8 Do 618 T 4,65 _5.04

49. Do B Do. 6,607 438 . 4.70
ﬁvara@e” 6;21‘Y .4.43 4;8%

From the above results 1t is acen that hue, value

ahd ehroma Goos not show any marked difforence from beans

of tho Blue Lake variety in the proceding teble.



Tablo XIX

Comparative rosults of the color of eanned groen
beans of sicve size Nos. & of different verieties
and localitioes
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Bue

Variety Iocality Value Chroma
1) Reguler Washington 6,20 ¥  4.54 5.20
BiusLake
De - Bo - Be60 ¥ 4452 556
Do . Do 8.02 ¥ 4473 5. 18
Averago .28 ¥ 4,062 B, 36
2) Regular Oregon 6.80 ¥ 515 | 3489
Bluelake :
De Do 5.66 Y 4,68 4400
Average 6e13 Y 44981 394
3) Bluo Iake eshington 8.60 ¥ 4453 .26
Stringleoss
Do Do 6.60 ¥ 4458 5426
Do Do 660 ¥ 4o B2 He 22
Average 6,60 ¥ 44 56. 5e24
4)Blue Lake Oregon 5s93 ¥ 4461 4e64
Stringless :
Do - Do G.48 ¥ 4433 4448
Do Do GeBl Y 4.27 4,62
Average 6430 Y 4 .40 4. 87
5)Giant Louisiana  6.25 Y  4.49 5.00
Stringlessa
Do Do 6.08 ¥ 4438 4470
Do Do 6.4l ¥ 4458 4495
Do Do 5.80 Y 4424 4o B7
Do Do Ged8 Y 4,58 S5.04
Average 6.21 Y 4484

4043
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- Comparison of color meesurement botween Refleetion
moter and lMunsell dise colorimetry

Raflection meter whiech is based on trichromatic spec-
ification was tried to moeasure color on some bean samples.
The instrument consists of a search unit having an opening
of 5/8 inch diameter. It has three filters: Amber, greon,
and blue. Each filter 1s ealiberated for reflectance
against a reflecting surface of magnesium oxide plate,
which is arbiltrarily assumed to have 100 per cont reflect-
ance.

Tae opening of the seareh unit being small it is rather
doubtful to have one or two readings for a samge like beans
which has not a uniform surface, Socondly, a sample having
different shades and variation in color in an area undor
examination, will give different roadings at different
places whon the search unit 18 placed on the sample. An
attompt was made $0 sec vwhether tho reflection moter could
be used with advantage for samples having uneven surfaee
1ike beans. In order to have a good ropresentative color
date of the sample 1% was found necessary to have an
average of 8 ¢to 10 readings taken at different places over
the entire area of the sample, taking care not to position
the unit ovor a space betweon beans. The following are
fow rosults of color values of few samples of beans for

refléction moter and lunsell disec colorimetor. It was
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found that the valusc and chroma remain practioallyithe same
but hue in gensral is found to be 0.80.9 less than the
Hunsell ai6s colorimeter. s may be dus to the fact that
60mo réy@ of light.might not bo completely refloeted back

due to unoven surface.

Table XIII

Comparative color measurement results between
Rofleoction meteor and Munsell dise colorimeter

Sample Roadings with | Readings with Muﬁsell
: Reflootion Meter Dise Colorimeter .
Canned beans 5484 Y 5.92/4.45 6.6 ¥ 5.98/4.36
Frozen beans 5030 G 3470/4475 6418 GY 3.78/4455
Prozon beans = 6498 GF 3.90/5.92 6«50 GY 3.87/4.72
Frozen beans 5,85 OF 3.85/4.82 6475 G¥ 5.84/5.08

The advantagoes of using this instrument are as £0llows s

1. Ease of operation

2. Low cogt of the instrument

3. No color-matqhing 8kill required - objeoctive
determihation not dependent upon the human eye.

In order to have maximum roflection and né interference
of Surrouﬁdimg light, a wooden dise having a tapering hole
exactly fitting into the nock of the search unit was used.
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The lowopr part of thoe 4ise was painted black énd was kept
over the sample.' @his‘preven$@d.amy raye of side light

falling on the samplé. The search unit vas placod on the
| aample;.through théiwcoﬁen diéa gnd vas oslightly pressed .

on tho sample to have a more uniform surface.
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CHAPTER IV
DISCUSSION OF RESULTS

from all the dase in the proedding chapter collectod
so far, 1t 18 scon that there is & notidoable 4iffercnce
in hue, value and chroma of fresh, canmnsd and frosoa groen
boans. AtSempts vers wade to find out whothor thero would
be any marked differcénce im c¢oloyr as regards sieve size,
varioty and locality in canned and frozon beanse

Frosh Beans

In the case of fresh boans, diffcront varietics vhich
are uvsed speclally for canning wero not avallable-im the
state of Orogome. ‘The color determination in the fresh con-
dition was therefore restricted to one varlety, namely,
Blue Lak@.. Tne color of difforent sieve size beans in
fresh condition, effect of blanching, freezing and thavw- |
ing in the laboratory was studied. Tho huo of the beans
in fresh condition was found to Yo maximum in beans of
sieve slzo No. 4 and there was & docrease im hue as the
beans woro more matured. Similarly there was an inéreaae
in the lightness of the boans as the maturity progrossed.
The chroma wag found %o be varisble with thia.small |
number of samples. (Table III).

Biffeet of blanching '

Blanching of the beans improves the color on the
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whole as is soom from Table IV. This improvement in groon-
ness is of course a common observation. These boans were
water-blanched in the I@bawatory'aé 193 ﬂ@g@@@&lﬁ. for 1f
minutes. - It was notliesd that hug shifts by 1.33 to 1.60
towards Gresn. In case of No. ¢ 9ize boans the kue was
soon o have dropped down by 0.70 towards yellew. Tae
reagon for thie is not known. In tho éase of beans of
sleve a&éa Hoe 5 it was found that the hue is much lmprov-
ed. The boans bsgome 8lightly darker and the change in
iightness docreases with the s8izo of the beans. GChroma,
however, showed an inerease from 28 4o 48 poy cont,.

Canned beans

In order to got an 1dsea of the rango of canned bsans
as packed by the canneries, & number of samples of various
sleve slsed beans, of different varleties and graﬁn[ﬁn
different localitiecs wors examimed.

From %able VII it is seem that dlfforent siove silzed
beans of one variety;'namely& R@g@laﬁ“ﬂlue Lake was examin-
ed to fimd cut the range of eolor ﬁiﬁh respact to gieve
8ize.s It was found that all canned samples wers very
similay yet considerably different from fresh samples.
the range of hue vapied from 3,90 Y £0 6.60 Y. The only
warked difference notilced was in value. Boans of aiove
size Ho. 2, 3, and 2-3«4 combined wore darker than those

of sieve sizes We. ¢ and abovo. The rangse of value
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vapied botween 3.61 to 5.66 and chroma £rom 5.60 to 5,66
It wag hotevey notliced that No. 2 and 3 Fancy were mueh
darker.

Sffact of different varieties on color

Another @tr&in of Blue Leke, namoly, Stringless, was
examined for color and its f£inal offsed on colopr by canniag
iz shown in Teble VIII. Beans of sieve slges Wo. 1, 4,
and 6 avallable. On oxamination it was fand that on an
average the hue for silove 8ize Wo. 1 was 8.79 ¥, btut the
valuo was 3.87, which vas darkor than othor sieve sizes.
Tho hue was magximum for sieve sise Ne. 5, am@‘th@n'agaim
dropped for sisve alze No. 8. &&ghﬁa@as howover, increas-
ed progressively, but net mu@h diffar@né@ was noticed in
huse, value and chroma foxr slove gize Mo, 4 and 5. Prom
this 1% seems that thore is no appreciable ¢hange in hue,
value and chyrowma for sieve 9izes for WMo, 4 and above. It
is ﬁn@refore'seen'that there is a dividing 1line betwecn
color of sieve sizes from No. 1 to § and from 4 and above.

As r@ga?éa the difference in coloy botween Regular
Blue Leke and Stringless strain there was not mush differ-
enco noticed in huo and valuwe in all slove sizes but chroma
for Ne. 1 vhele, for stringless varioly was slightlj more
as gompared with Wo. 2 Pansy of Rogular Blue Lake. Tais
may be due te the fact that whbl@ beans toend to retailn morse

intensity in color in canning than cut beanse.
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Another p@&ﬁt which was studied was to fim@ out whaether
canning procedures adopted differently by differecnt canner-
368 had any effest om the final.colors A Pew samples of
differont brands vero. sxamined and vhich were approximatoly
two yoars old {Table IX). It vas noticed that there was
not noticoable differonce in hue, valwme and chroma betwoen
8ifforont brands. It @as howover seen that on tho waeole
there was a 8light incroase im chrome in all tlo samples as
c@mpmraﬂ:with chroma of Deans 2> Table V. . From this it is
seen that the intensity imerecases with tho storage time,
or the differengs vwas due to the acason.

Effost of loeallty and differsnt variobies

Pevw samplea~ef beans were obtained from the states of
Washington and Louisiaona o study the offect of locallity
on eolor of canncd beans. o varieties of beans grovm
in the state of Washington and packed by one packer, and
.On@ varlety from Loulsiana, were examined fopr color. Huo
on an average for stringless beans was mors than regular
Bluo Lako (Table X, and Fig. 7), but there was nod any
appreciable difference in value and chroma between these
tve varieties. The Giant Stringless beans groun and
packed in Louisiena had on an average losd hue than that
of Blue Zake Stringless variety from the state of
Washington. Valuo on the whole @14 net differ mueh
though beans from Washington di& show slight more lightness
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but ehromn was slightly more iﬁ beans Crom Washingtomn.

On the vhole 1¢ is sconm that. locallty had not much offoct
on hue but it 4ld have zome offesct on value and chromio.:

From Table XII and from greph (Pigure 7) it will bo soen

that Rogular Blue Lake and Stringloss from Viashington aﬁ@

on the vhole darker in color.

Rango of eclow of canned beans

In the prosent work, attempts vere made o Getermine
the range of colop for canned beams irrespective of silze
and period of storego and variety. ALl the rosulss ob-
tained go far are plotted om greph of hue, value and chroma
with valwe corrested to 5 for all the samples (Pigure 4).
Tnle value was thought bebter te fix, a8 most of tho samploes
hed a valuwe range botweon 4 and B. Very fow samplées had
value less thean ¢ or obeove 9. Prom the graph of the
points plotted for c¢gnned beans it 1o seen that all ¢hose
samples lie close together. The range of color oy canned
beans was found to Be, for the most part, from 6.850 ¥ %o
6.60 Y fop. all tho samplos irrespective of sige, and.
veluo 4 + «8 for boans Lrom Sleve Mos 1 %o J,and 4.50 ¢
+E0 for sleve sizes WHos. ¢ and above; chrome 4.75 i+ .50
for all the semples irrespeective of 8izes From the graph
{(Figureo 8) plotted for value and chroma, it 49 seon that
Noe 1, or 1~2-3 combined sieve sized beans lie withim a

range 6f 362 %0 4.4 valuve, and 3.2 40 5 chroma, bubthere
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48 not muoh dAifference in grouping botween sicve sizes 4

and @b@@@p howover Ho. & aro found wuch grouped togethere

Exozen_b@an@

Prozon beans ddtained for color dotermination were
Regular Blue Lake varioty packed in crégon. The'frazen
beans are gonerally of sieveo sizes 1-2-3,or at timos 4 are
pack@@‘ The color de%ammination‘wms therefore restricted
to ono variotys It vas found that the eolor of fresh
boans greatly_improvgﬂ.afﬁer,blanehing. The beans after
thawving appear to havo more hu@-sh;fted towards gr@én
ané sppoar more darkes |

A feu semples of frosh beans were obtalned from Stay-
ton, Oregon. These were blanched at 193 degrees F. for
12 minutaa‘and were froszen iﬁ cartons in cellophane bags.
These samples after thawing did not show the hue as it was
with comm@rQiai samples after thawing. This may be due to
the fact shaﬁvﬁhe p@aﬁa f§ozen in the canneries are quick
fro"en and 2% J) in@&vidﬁally frozen and packed; vhile tﬁe
beans uhich were frozen in the labora%ory wer@ slow fyrozen.
From Table v amﬂ v it appears that @uiek fraezing pre~
vents da&er&oratien.gf the color. The color for beans of
sieve sige No. l~2¥3 frogen amd thaw:d in the 1ab9rat9ry
as oseon from Table V, was 2.5 GY 4.04/4.20, whila.the

comm@reial samples for tho samo 8ize ranged Lrom 5.87 GY
3.18/3.47 to 7.10 GY 3.97/5.00. From the graph of buo,



value and chroma for frozen boanms (Figwe §), it may be
obsorved that all the samples 1ie vepy clese together.
Tho range of hue of frozon Heans 18 6.50 GY + 0.25, value
19 3.60 ¢ 0,20, and chroma 18 5.00 ¢ 0.85 (Piguvre §).
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CHAPTER V
SUMMARY AND CONGIUSION

- The ﬁ031DbAo grading standards have not vel set the
range éf'@oiar olther for camned or f£yozen beans, except
that a4uniformity of eclor i3 d@siredy at the present
times 'Iﬁ a8 thorefore thought worthvhile $o study thoe
range of coler in canned and froson boans and determing
1f possible the range of color for both of these products.
In order t0 do this it was thought neeesgary (o onamine
the samples from various camneries and $o make a preolime
inary swrvey to find out the probable prange of color of
canned and frozen boang with respect $o sleve size,
variety and quality. Im this preliminary survey three
or four samples werse sxamined in elassifications of (a)
sleve size, {b) lebelled quality grade, (¢} loeality,
{d) variety, (o) fresh, csanned and frozon, and (L)
ropidity of freezing. This wade approximatoly 70
different samples aftor the method was worked out.

As m@gémaa 8ieve 8lzo of canned beand 1¢ was found
that there 15 a demarkation of 1ine of color up %o siew
size lo. 1-2-8. The hue in some ¢a30s may bo the same a9
that of beans of highor sieve sizes, but valuc and chroma
is found gemerally loss. But for sleve sizes ¢ and above,

tho canning procedures deo not make any difference on the
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final color as regards huo, waluc or chroms.

A% regards varietal and looality éifferemee it was
found that it did not have any marked difference on the
final eolor of canned boans. The stringleoss strain of
Blue Lake variety canned in Washington had slight darker
appoarance than that packed in Oregon in the same soason.
Similarly was the case for¥ regular Blue Lake variety. A
samgle of Glant Stringless beans packed im one of the
cannories in Louisliana was feund to be intermediate in
lightness and chroma with that packed in Orogon and
Washington, but hus was less than both of the latter.

A8 rogerds quality of beans it was found ﬁhaﬁ most
of tho fancy beans of siove size No. 1-2-3 fell within
a value range of 3.2 to 4.4 and chroms range of 3.2 to 5
Pancy beans of sleve slze Noe. ¢4 foll within a value raangs
of 443 t0 4.7 and chroma range. from 4.2 to 5.2. Extra
standard beans mostly. of wieve alizo No. § fell for most
of thoe part vithin o value range ©f 4.3 0 4.6 and chrome
range from 4.5 to 5.1y Standard boans had for most of the
part a valuwe range from 4.4 to 4.? and chroma range from
4.8 0 5.3. As Yegards huwe thore was no d@finit@ relation
olther for sicove size or for quality. (Pigure 8)s

The range of -color for froszon beans was determined and
it wes found that the hue range was 8.50 CY & 0,28, valus
3460 ¢ 0.20, and chroma 5.00 * 0.85. It was noticed that
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the color of quick frozen beans was rotained much more than
thoso of slow frozen ones as determined from laboratory
8amplos . | |

. %He disca fow moasuring the frash; eannod and frozen
beans was dotermined as chown im Table IT.

The poasibility of uaﬁmg'a rofloction metor was oxplor-
od and it was found that undor the same conditions of bean
aprongoment and container tho hus showed a differcence of
0.8 %o 0.9, vhile thoe valuc and chroma romsined practical-

1y the samo.
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-CONCLUSION

‘(1) A‘ééﬁisfaétoﬁy method for eolor é@términ&ﬁiém‘
with éise eolorim@t@r by aui%ably arranging the: b@&ns has
b@@n @eternin@a. -

(2) %he pes&ibility ef uaing & refl@etiom m@t@r was
@xplered an& it was fbund that under the samo conditioms
of bean &rrangamenﬁ and eentaineu the hue showaﬁ a li%tle
difference but valua anﬁ chroma remain@d practicalxy the
same. Th@ use of this m@thoﬂ if male suceessful by '
further investigation would facilitate coclor measuromont
and make it ontirely deveid of tho personal factor in
coiur matehing. The dise method gives much strain onm
the eye by comstant loaning over the oyepicce and further
to a fatigued oye it iz not possible to detect any small
difference in color matche

(3) Range of eolor for canned boans aceording to
gieve silge iavdet@rmined and it 1o found that there is a
demarkation line betweon beans of 1-2-3 sieve sizes and
4~5-6 siove sizes. . ,

(4) Locality and veriety did not have much effect on
the final color of canned beans in these samples.

| (3) Color with respoet to quality has beoen determined
and is found to have some relation a3 geen from grouping

| of beans by quality as seon in Pigure 8. But $o have more
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definite results 1t is rocommonded that this work should be
sarried out in threo eor four émnneries vhore a2 numbor of
sens are opened overy day for quality amd color grading
- and ﬁﬁ'éﬂditib@ pumerous samples from Aifferent states may
be examinos

(6) The range of eoior of fr@i@ﬁ beens i3 detormined
and 1t 1s found that quiek fre@ziag tends ¢o rotain color

more than slow frozen ones
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