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COLOR MEASUREMEM AW  ITS REIAT10I $0 GRADING 
OP GAINED AHD FROZEI GREEK BEAHS 

CEk'BTER  I 

IITRODUCTIOl 

5feie color index is regardefi as one of th® important 

factors in most of the  standards ©stafelished for agricul- 

tural products. Som© agricultural, products, like cottonfl 

ar© valued according to their eolor« Color is also re- 

garded &B  on© of the factors in grading other agricultur- 

al products lik© rie@p honey, meat,, grain®s bread, 

mayonnais© and various dairy product®. Ifoe'sam© is tru© 

in grading of fruits and vegetables* 

It should b© noted that though color has an eye 

appealing value it also has relationahip with various 

other factors t?hieh determine th© quality of th© product. 

1. Maturity aa in th© case of fruits and vegetables. 

2. Cultural practices*, 

3.' Ingredients used in products. 

4. Index of baking in bakery products. 

5. Spoilage of products. 

fh@ color of fruits and vegetables however, is 

apecific for a particular variety. B'or instance, in case 

of apples the attainment of a particular color will not be 

coffimon to all. Some apples attain a characteristic red 

color when they are fully matured while others remain 

green in color in their matured state. Determination of 



ehaagd in color vsi^x maturity Ma hmn found haipfui isa 

d»tevalaias ths ch<mg©0 la tbe eoastltuontta of ^ruita, lilt© 

dest^os©, ievulosG, aue2»©so aad sfca^oh, titpaMe acidity, 

m& per^oatage dr^ ffiatfc©r»    Lott? (2) of tJjalver'ai'ly of 

XXXinols-hAa mad© studies on ehaage* in r©fX©etano® of 

tlmh and skin'©ad in oompositlon of naturiiig ^paaspar©a^ 

and B»tohoas a|>pX©a« 

(2) CoXor of fMilt is 4ffooted lay various ouXturaX 

and ©iwi^omaOiataX fact©i»s $uch. aa prusaiug, thinaiag, cuXtl* 

vation asad fortS-Xisation.    ©ourloy as HowXott (3) F©p©rfc tho 

work of ©usta&ix aad Dunoasi of tfeoir ©sp©iSa3at oa th® ©f- 

feota of spr&js oa the de^eXopaeat of red aad f@XXow pig*- 

jaoats. iii tli© applot    Magaesa (9) has roporbed bis obaorv- 

atloasoa 2»©Xatloa of Xoaf ar^a to eoXoi»#    He has alao 

atudi©d',tha ^ffoct of Xigbt la reXatloa with color*    It la 

tb©r©for© ©vidoat tbat £a wmj eaa©a eoXor d©t@ralnatioa 

sortroa as sa ladox in d^tsralalag tb© iuality of tj© fruit 

as woXX a® ¥©g©tabX© crops„ a®p©adiag ho^ovor upoa th© 

variety aad Xoesllty ttj©r© it is grom* 

(3) lff©ct of lariatloa In lagr@di©ats oa eo-Xor of 

difl?©r©at products have b©©a studied.    %n cm® of eboeoXat© 

acidity of milk aad quality of soda ar© important factors. 

Swoet ailk produces a dark cafe®, whil® atrongXy acid uiXk 

produces much lighter color (4). 

Color is aa importaat factor ia the coasumor's 
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pY>§>t@&(bm® tov foods.    ^Ub&ldaOQd'diets may fveqfxmtly ft® 

laid to food© unattv&etive %n eoXo?*    iy©u© 2?©p0x»ta that 

Mtrlo Mi othor soio&t&sts (4) h^v© proved ttet pajeholo©- 

leal appeal feao a def&aifcoly stlnalatliig ©ff©@t mpoa 

SlaeOllliinpfty If) ®^i© steili©? ©a tenatO' ool©^ as relate 

®d to quality ia the •tsaato eamiiag industi?j«    H© has ssM© 

stuiies on th® ©££©■©% ©f   heat, dllutloii^  sag®,!', i>v®n aai 

ooppei8 aalta aa^ other ingrediontd like splcos, ©a the 

oolos? ot tomato 4ui©a> toaato aatsup, past©, ©to. 

(4)    Emm ia bakery p^edueta tha oolo^ ©f fe© pro- 

duct is eo&aidorool as ©a© of the aaaantlal factors la favor 

of th© aoASumere*    Da 'brtai th© eoloy of tfes arust ©a<a 

arunib is of iatarost to th© eoroal ch«l0t.    A roddish 

broim arust is a§s©oiat©d with high augar eosateat and this 

in bw%n tJith diastatia aetivity tihicM may i© eerralatad 

with flawrj, atvangth aai .geod loaf ^oliuaa (SJ. 

. ($)   Mothods of prooassiaig, paokagihg and pff©SQr'5mtim 

has alio m iisaportant h©ax»iag on pffOeosiod foods BM 

©spocially with frait Jmloog.    Fralt and -vagatahle Juie@a 

and thoiJ? products lose th©l3p flavor and color mo^e j?apid2^ 

if prooessad to© lomg at hi@Sa tsmparaturea*    Slailarly, 

light eauspos chaag© la oolar of products atorod In glass 

bottles or Jai?s*    fh© mothods of ppeaepvatloa Ohethsp in 

th© presoiac© of proso^vati^os m? othop aahstanoaa or la 



tlao aftibozMkd'-of %hQ'm vil% laa^© QB ©ffa^t bar©t®sitiaa ©f   • 

I69&'of-color ©f ii3i€'p3?Muett ■• ■• ■■' 

••':       l^^m/all thoa© points-it tsrill'tio ^©a'tsSiat OOXOP 

eoatributQs' as •oao- of- thd -^d^iog faotors and Is ^a iniles . 

©hi<3fi- ftotofeminda ono of th» ira^iablo faetors iB9nt&one4 ' 

a'bo?d'^8pQnail»i& fot.'it® 'tfhengo*-' ■ •■   "■:■    •     -    '■•■■ 

• 0,' S.* ^@pa3Ptm0a%- ®f AgpioaJLtutvo h&$ ■ Xaid.- iotm ■ staz^ 

a^da for frech, oatmsd/-and'fvoson frmits aa^ vagotabloai 

fcufc f«p sosaQ pxv^aots life© boansy no ^aag© o? oolor is 

fisofi lbs? qualltf, ^bttt onlj ^a uaiforsaitf of eoloff la 

d©sir©<a in OaanGi and fpeeen baan# at tho p3?0S©at tla©.» 

(12-13)# 

With this ia vi©,E7 tha p^oaeat work of aolo* i®©aaux,®» 

m©at of canard and ffosea grefa beane waa oajprlod out. 

Xa the present wo^k, afctoiapts were-jaade to flad outs 

CD   A aaltatel© aothod ®2 «olor-4o«ain8ilnatim» to 

O^^eosl^ tbe dlffjUulfcloa affofdod b^ unavan surfae®©. 

iB)   ©olor anfi It© ygil^tioA t© eietr® Bla©.s wristF 

emd looalltyt 

(S>   Gelor ©ad Ita relation to qmalit^ grades.^ 



...       .■ GMffBR. IX .  ' 

What is eolQvt 

Color of an o^,|@©t' as ©a® ©lb©©x»v©i) i© siiaplj psf#!i©« 

logle&l o^ ©ptleal sosmfeloxu   PSf.clioiogieallj, eol©^ is 

rsprsssatofi by the thPfie attributes §  • Hm^ vfiluo a^3 etoonau 

Fhyslcalljp. .it 1$ represented ^y ^ iornXneaft ^▼d^.ength* 

Hi© eoldrigst ia jLnterGSted i» r$£>ro(3aoing OF smt®h- 

lag. ooXors*-. $&© phjslolst is laterest©^ in tJ© uavoleagtfe© 

aatS Intoaaitlos of the lig^t aad lig^ti&gt    'En© physioidn 

la iafe©jp0,3t©<| ia th© ai^giaostie sigalfl@ano© ©f dolor* 

fho artiat 1& intereated in thd pietorlal ©ffiiofe, the 

psjehologist ia fe© omotionall ©ff^e^ of eolos5, aa^l the 

eh©ml8fc vjaats to knot? th©- oompositioa aai ooao@atrfit8.oa of 

the pigsiaats or dyos (l)* 

(A)    Fsyc.hologioa.1 methods 

1«    ^taalitatiyo 

la qualit&tl're nethofi, a oolor of A saapl® ©aa 

b© osaparad simply by oomparisoa with othor aaaplea,. and 

oa© tyould a©y that th© oa© is mor© lighter or l©ss. lighter 

thsa the. othor, bmt oao 'eaaaofe dotormiao to what degr©© la 

color thoy differ froa oa^ aaothtr* 

(k)    Color oharts 



TtQ af§sfc©s of mmp&rln$ QQIQV with SQUQ 

dffliiita sst^idapds (|uali%ati9@ly iaelufi© the color chart 

SfSt®ai itk dbieb ^ large aumb©r,o.f color© «lth ilff®r©at 

!iu@s  valu©, ansl ehroma ar© printed on pap©f> la -dofiait© 

graeationi - && Maepa OKHS fmtl aiotionarj ©f ©olors in- 

'clufi© a largo' nwtibQWg 19Q&®-&O1OT'®*    HU©^ value, asiS cteoia 

are not- stated fcufc ©acii color Is gl^©^ ap, identifying     .  , 

nm&hy (8)».   Zn nmmw&uB If. "S* grading stmdarda -of fruits 

and ^®g$tabl©s tli©s© charts, ar© us©d far grading th© ©olor^ 

of the pro<3aefts# ■ 

■(b)    Lovifeood sy^feosa 

• •  • •Aaofc&as? s-ysfes® of5 eoler lasas'aspQa^at coraiion- 

Xj u&®@, spoolally^r oils i$ th© Lovibond ayst©©.    m 

iastrumont tootm as th® iintoij©t©r ^aa devls©^ by Ja W* 

Lovlbond fop the analysis^  Bynfchmi®3 aatohing and- ■ 

msaauram'Sat of eolor. . -Afi i®fflcr|.b@d la Ma® ad¥©rfeislii§: 

oireulafp it M © $y0t«a %7 aioana-of tihioh thd depth of 

oolex* in llqTaid^ m& solids esn b® measured In gegpeaa, 

piao©i ia tlm&r position in a po-rs»aa®at color $cal© and 

rtgisfcored for rop^oduotlon at mj tia©*    It eonsist$ of 

graded $@ri@s of itamdarda made- of colored glaeaea numbered 

aeaording to thair d©pth ©f color and an Insfcrumoat for 

holding thd-glaoaea anA the object to be aaasur^d (2)* 



2«    Quantitatiya . 

•    ■•in queAtJLtatiVQ isQtSsod^  it is possibl© to-deter- 

©in© the. ®xmt S'©gr©© of solos?- and tfeus .©si© ©an cora|jaro   .. 

th©'<8oXors from ©a<Si otheap- ev©n, thou^i th©j may differ 

slightly smi tte1 diflerooeo umy not bo.pwoeptlble to the 

observer without  th0 UQ^ of tfe® •ins^ument* 

Color Is specified p^yehologieally by aoaxis of 

th© fchre© color attributes nmmlyz    Hu©, valu® ,m& oliromQ 

(10),    In th'es© aathods It Is , Importsjat to feav© ^e  ©am® 

aad ■uaiforsa ©oaolitioni of light and surroundings, through- 

out the color-msaaurament of samples^ 'beeause mj variation 

in the o'onditloas us^@r Bteaaurement vlll affect hu©, value 

and chrosigu    fhiss 9yst©m of color measmreaaat is Msed on 

triehro&iatiQ apeelfleation i»©» r^Qr© tha color ie defined 

in t©ra® of thra.©-arbitrary.primar.ie.ss    led*"blue and' 

greea* 

{$.).   Muns#l?, dolor systesa 

ttonsoll color.-syat©m consiats of various 

dlafcrof diff ©rent hu©,.-valu© and chroma and the neutrals* 

■j^eae disks aro-aeleoted and the areag are adjusted to 

match the s@ppl® under dsaminatlon*    In this inatnuoeat 

either the diskgi ar©-rotated or the reflecting rays fross 

the disks are rotated by a priaa in order to obtain 

uniforaa color.    Si© latter syatesa 1© more coaMoniy uaed.. 

(b)    Belloction aeter calibrated to i.e.I. ^stM 
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S&is Instrument oonsiata of a s©arofe unit 

anifl haa fchr©© filteraj Aia&ar, gj?©©a aafi blua* lach filtei1 

is oaX&brated for r«fX©ctaao© against a r©fX©ctln@ surfae© 

of ma©a€)Sium oxicl© pXafc©, t^hiete is arbitrariXy asausiedi t@ 

have XOO per aant #efXeetanc#* &© search unit ia pXae©d 

on the aampl® with sueeesaitre £ilteys attachool* to© 4@gr0© 

Df.aenaatioa proiuced by thaae fiXtera ia measured in 

terms of equivaXent atiarnXua produced bj  the ^kotovoXt 

meter* Bie readinga are read on the acaXe* ISae readings 

thua obtained ea» be converted to I..C.I* notation and 

finaX.iy in terms of hue, vaXu© and chroma., 

(B) PhiraieaX adthoda 

5peo.tyophotoise.tera 

She methods above defla* th© aensation produced on 

the ©^e by a color, is, sp^otrophotOffletar defines the 

atijnuXua which incitea that aenaation* 

Bpeetyophotometry may be defined' as the ■measurement 

of reXatlve intensity of radiant energy aa a function of 

wavelength or frequency, fhia energy may be that emitted 

by incandeacent or other light aouroea or if may b© that 

transmitted, absorbed■„  or reflected by transparent or 

absorbing laateriais. 

fh© general mGchanism of speotrophotometer consists 

in diapersion of source of light into its spectraX 
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eoMponanfes., and then isolating mcmootoOMatic beams,    ffees© 

h©wM B.P® fcfo@& further di^Si©^ into two eqtaal ptots of th® 

same latsaaity*    On® of th©b@gm© is allowed to paao @r r©* 

floetdd and th©  8;©©ond l3i@aa is ©djustod to get the -©qual 

Intensity,    fh© Intensities at different naveleagtba are 

measured oa the scal©f 

Sier© are certain 't3rp.es of speetrophotoiaeters where 

photoeleotrio cells ©re uaed.    'She photoeleetrle cells 

under the action of radiant energy of the proper wave- 

length furnishes another and better means of transmissive 

or refieotlve pieasurements. 

Speotrophotoaeters are of great value in the study 

of ©hemioal analysis., structure and purity of the chemloal 

eompounda of wide variety.*    Speetrophotometers are of 

great value In deterutaing the ultra violet and infra red 

regions where ©ye is not @hl© to locat© th© aol@r* 

fh© speetral refleotion or transmission data ohtaia<- 

ed fraa the results ©r© plotted on the graph which give 

th© 'percentage brilliano® for all th© aave-lengfchs throat* 

out the visible .spectrum,    fwo colors having Identical, 

speetrophet©aetrie readings are assumed to he the same 

under the saae conditions of illumination* 

fla® practical difficulties, however,  in using this 

instruTOnt is that its coaplieated mechanism and inter- 

pretation of results are rather difficult for an untrained 
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m&a. to han^il®, mi soeon^X^r it |afolv©a asasujpeaonts of all 

wa^sl©ngfcli£! for spoelfjiog a single eoloxu    For routine 

0oi>k of aeasnarlng eolof ©f product©. £ai? determining grades, 

tjliere simpie iat©rps,@tati€«a of ^©sulfes and eiMpl© soechmism 

@f apparatus i,@ desiy©!!^ sp@etrophotom©trie data vill not 

seyv© my practieal pmrpos®. 

(0)    :D©tail& of the llunsell ajatesa of color notation 

3Sie ppesent work of color deteraiaatloa waa carried 

on by the Sunaell ays torn, and it la therefore necessary to 

deacribe feis method in more detail, 

^h,i$ system of color notation was developed by &• 1. 

lunaell in the early part of this century.,    fhe color is 

expressed by three at tributes t    Hue,  value and chroma. 

The Etanseli hue Is divided in 10 imajor huess 

IsSed BOtBXue ®reem 
IHsTello^ led BiBlue 
Ysfellow PSs-'fttrple Blue 

@f j@reen Yellow PjPurple 
0g©r©ea IFsSed furple 

Bach bis can further be divided into 100 or even 1000 parti 

at eonafcanfc value and chroma (10). 

tlua^ell ¥alu© la divided into 10 equal parts from 0, 

black,  to 10, \3hlt©.    Kius a particular hue may appear 

different under differeat lightness. 

Huneell Chroma ia that the colers poeaeaalng the 

same hue and value may differ in saturation or 
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eone©3atoati©a»    1&© eteoma is divided Svom © to- 10 m<$ up- 

vaards* %n numerical o^d©2? trlth 0 at gray ©3Stoniiag outtrard 

t©i7arid3 310 e^ a©r0,fos> tfe® st2»mg colors.    ^ius foi? <S3t~ 

ampl© SSuas^ll-eoXor ndtatiosi of i Qt S/9 r©ps»@s©at3 that   • 

hu© is S CHf, .^alu© 5 aai ©teoaa 0. 

(P)    l*C.l. eolor sgoeificatioa aad the Eluae©!! sjstea 

.   ®i© X»e»l« systom ©f edioF notatioia is fcaa-ed on th© 

ap©cti»©phofe©a©t|»i<j oolor d@teraiinfttiosi in t^^iaa ®f ©qjalva- 

laiat stiffiuli*    'Hi© XJateTOatioaal GQrmlsi&lm of ZlittmlnaBtfi 

adopfeei a aethoS- to briiag about .m Xnternational atanaard'- 

iaafeioa ia 1931 •    Who results VQVQ oemputsd f^p  stamaard 

©l>SQ2»¥@r& tad atandard illuminaata*    Sh© ttfistlsmlmsj 

values t;©&e adopted by the I.C»I. for various apsjctsnaa 

eolors.    X, ¥, aad & rtpj^sent th© absolute tristlsalus 

valm©© of th© ^r©© iaaginas'y primaries, s?®di) blue aad 

gpaeaj aad x, y, amd a iadieat® th9 aaonmt oS @aoM of the 

I«C«I« primajpi(&.s that is s?&quii?©a to ooloi' aateh a gi^ea 

saapl©.    <$h®m quantiti©© ar© called the tyiohroaatic eo- 

Qffi©i©ata»    fh© quality of the oolop (ohromaticity) is 

S'Qpx'osoBted ^aphi^ally uith x and f OQordimtea on a 

graph of a gi¥©n ^alu©.    fh© l.C.,i. oolofiaet^i© data 

adopted igi 1931 x»©pi»©s^nta domiaaat "era^el^agth, byight* 

a©ss aad pufity uhich oo-rrsspoad to., the thre© Muns©ll 

atteitoiatosg    Hu©,- valu© and chroma.,    She i,G*I. aotatiosa 
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f« all' tla© J3ims©ll <s©5L©s? ©harts is BOU avaiXabio*    Sa© 

g^a^hieal r^prescatatloB ©f l^ei ©f ©©nsstai&fe fom aai 

©h^osaa in Z«C*X* ss aiai y eoordlmatQC! fFO® mliits I t© 9' 

(t)    Stethoa ©f computation 

fia© relatibsi of ^imsisll hia©^ value and eteoma ha^ 

thus hmn $t&$,%&4 in i..G#.I« tdnns and* fiafea are atrailafel© 

fof> oosworting tvom ©a# to tifaid ofhex*    $he 1«G.I. T 

eqalvalenfee oerrespondl %© tfe I3uaaell walu® seal©.    From 

tM ©karts'of eoB^tant loei of eonAtaat hu© asi ©tooaia in 

I.€.I. s aiad f doopdinatae afe values 1 fe© 9, it £a 

peaelble t© coa¥©i>t iilansell aotation to i*e..l* apoelflea- 

ticm aa^ ^ioe .versa* 

P^p ©s©mpi© i X S/Qj  8 @Y 7•1/10.4| I 1 aafi I © ^isks 

wer© y©qui^©(ia fe© mat^ eolox5 of a eamied beaa a ample*    SSae 

pisfcm-feag© of thos© dieks required tjar© 3*8 per ©oat of 

S ¥'5/0 (X * ,0060, t * .0069, S «  *OO10)j  16 per oeat of 

B m 7.1/10.4  CX ■  .0494, Y«  .0733,  2 *  .0232):,-j  78v5 par 

0©at «f f 1 (X a  ,0118, t * .0121, .2 » .0*4*); smS 2 per ' 

©eat of U S U •  .0037, If s  ,0069^  Z » .0010), sg^er 

illuainont S- reeulted in a ©©lor epeeifloatloa for the 

smplQ of I. a  ,071s, t n  ,0951 ami % *  ,0442.    g •  ,3390 

and y s .4S10.    Fro® tables of 1.0.1. Y equ!vai<mt.@ the 

iauas©ll value for X * .0961 is ¥ * 3,S9,    fh© value lies 



is. 

between 3 a&fi <§•    fti©s»©l,©>25© tJi© Mums©!! hu© sM efajeoiaa ■ eaa 

b© f©iflM ©ut; If interpolation ®f ©Mjpts .of. valus 3 ©ai 4. 

Upea-plotting ©a tta© o'h^trt of valu© 9 f©!0 s *SS0O arag -7 

♦4S.X0? the'hue aadl eteom aE*© fouad t©- b® ©•? ©T/4.6 and 

lilsowls© f'Kom a ckm>t ©f val«i 4 %h.© SSIE© obsieoa aaS 

©X»^inat©s JIBM a too aufi elsroaa of 6«7 OS/S*    It 1$ 

found £m thi® o.6$© that tfo® hv® F©i3ai.aa ps'aetiealJ,^ Uio 

aama l.o» 8.7 ©Y but ^s ehropa in atls ©as© will b@) 

ehr^ma, at. 3 plus  »W of tho dlfferoae© of .ekmaa at "sralm© 

3 aaa 4*     &© Interpolated ohfoma will h®i 

S -   O.S® {§ * 4vS)    a 4;79 

tot e©mpl©fc© .aotatioa for'the otoaea b®to. sassapl© will b©i 

9*7 OSr 3^59/4^79 

Siailiaa?lj tfe© rovers© notation from tyaBA&ll aotatjloa to 

l,Q.mlp notation can. b© oaleul^totS* 

Borne ©f t&© 0. 9* ©rai© Standard? of apooifying color 

of aaan^ prodaets is reproaeantod by tfaa pero^itago of ii@ks 

.f^q-ais4©^ to naatoli tli© .color*    Xn thii ics^ofi cofflputatioa 

of color into on© 3|ngl© notation is not'raqalrod^    &© 

saapl© is ^aia to'bo iag-k®? Of lifter than the dls^ eOa- 

biaation ow t®- bo-'tsithin -a certain color raag©*    Thi® 

aothod 1® ustful ^her© color is not required to bo 

epeoif&ed ana also for rough $©t©riaination»    But it is 

mor© conftniont to 9p©oif^ the color .ia-tisras of specific 

alQgld notation*    Sbiis faoilitatee on© t© ^a®^- tjithouis 
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angp c'oafmsiozi the deg?©-® ©f diff ©reao© not only in hu© but 

also In miJLu© m& ohFoma, m aaatler' ©hiat disk©. a?e used to 

EUtk© &© 00X02* aiafcehf '■■■•• 
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CHAPTER XII 

mtfaofta Adapted in the leasvirdimaat of Color of B©aaa 

A*    Adju.atBiesat of the apparatus 

®i© apparatus mM for oolor moaauromeat is msnu*'- 

fa^feured by SuSiaff©! & Baaer Coa^psmj*    ffiiis type of ooiopi^ 

a@t©P Is aow ao Xonges? laaaufaotupad 'by -the company.    3Si# 

Inatvumant has the fo I loving £©atw©0 (11)2 

!• Hx© ua^ of dlse alxt.ur© of Jfcaaoll papora aakea 

it possible to uao the results in tepsa of paychologloal 

afctPlbutesj    Hue, hrlll&aaee and chroma* 

2.    ©19 iastrua^nt m&f 'b© adjusted to meaaure ©lth©r 

a larg® or aBall area. 

3*    It moaauras ttie &ve*a$e uolor of a hi^ly 

variegated surface* 

4. It has a uaiqu© aothoi ©f illumination by oresa 

lightiag* 

fh© photograph ©f the inatruxasnt and diagraja ot the 

optical system is shown in Figures land 2* 

She  illuaination is supplied by tw lamps which as^ 

so pl&cecS ti&at they are in a horizontal plan© with th© 

center of th© sasspl© an<a in a vertical plan© with th© 

center of $ie discs.    Th® lamps ar© of 50 volts and ar© 



16 

Figure 1 - Munaell Disc 
Colorimeter* 

Figure 2 - Optical System 
of tiie Disc 
Colorimeter* 

■»Nickerson, Dorothy.     Jour.  Opt.   Soc.  Am. 
Vol.  21,   No.   10,   1931 



Vf 

of movl® pyojoctioa type aifch four filaBttnts in th9 sisffl© 

plan©*    9Sais has the afivmitag© tSiat th© li^it that is giirea 

off at 2Pi^t angle© to th© plane of th© four f ilamsats is • 

g*eate?- than that la tho &am dlreotloii whosa th© laaps 

rotated through 00 deg^eaA*    By a&jtisting th© Imp®, the 

basee of itfoieh are provided with a slot WMS eerevr for this 

pwp0^@p  th© light on th© samplo •aurfao© tmj bo mad© equal 

to that on th© diao surf^o©. , 

In order to adjust equal illuiataation ©n both.th© 

sampl© and the apinatag diaks, oa# disk ma placed to th© 

place of t&e sAiqpld and •& dmplicat© ima plaood in th© 

place of the di^ks*   Both the a© diofca trera gray and of. 

th© sasi© iralu®»   , fha aid® leiapa trere. th#a adjusted at an 

angle mtll the oolor of fee  two distao appeared the. samo 

after apimnlag th© •aotor at hi^j ap©©d« 

B'»    Arraagemesat of 'the.aaiBp^e under 'Measurement 

It is almj® eaay to get. a perfectly flat surfae© in 

case of liquids and poitders,    these substances can be even* 

ly spread*    In cas© of other products it le rather diffi- 

cult to have even s&urf&c©' without properly«arranging the 

product to get almost uniform flat surfac©«    If th© sur- 

face is not flat there will b© a•difference in reflecting 

areas all over tfes ©urface of the sample.    Secondly th© 

product like bean© usay offer another difficulty of getting 
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jferk m& ^baded areas if tfaoy a^@ not slossly arraagsfi 02? 

if ttioy overlap« 

fros til© follov/ing ©sampi© (!mfelo i), 1% mill Ue s©®a 

th® difference in ©olor aoasmrsuflent Aa© to evcai> flat sur- 

faee aM nxae^eja ourfa'ee*   'f^oa the figi&eis 'ia faM® 2,'it 

is eeen that beead '©rfaagsd lErlth uaoiren eitf^a^Q" teeeoiae 

davlcer ^uo to shaded -areae*    Si® fam &hl$t$ laoy® towara ■ 

greefe aM TOIUO ISQCOM©© less ©Mf^ija la fc© first two 

saiiplos showed an inoreaee* but In eaae of lo. § sis© ^©aas 

it'showoi a.'sli^at i©ej?©ae©*   * • ■" 

Btans w©r© arranged 1B th© petri filah eloaoly without 

doping'■any dlataac© 'betseea th© MaasS*    Stj© layora of feeaas 

were arranged in aiieh'a-stanne^i' finally 13ie-1>ean0 t/ore 

slightly pr@f3©d in ©rder to gi¥« a unifera ssootfe' smrfaee* 

fh© arrangement is ahd.m in Figur© S« 

la '©ri©r to h&w© proper area of ftoan1 durfaoe it v^aa 

found naee^dary to haf© a petri ilsh of 6 inbh- dianeter 
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BiffG^enQ© in Oolbr rieaauf^ment ^u© ^0 B^ea aac 

Unci^©sa Sttpfae© of B^ans 

Asparagus 
Ho* So.    stjrl© lo 

Ssan© tJifSi    S.18 Y 4.13/4.87 5*60 Y 4.67/5.14      6.33 y 
evea, flat 4.TO/&.62 

6.80 Y Sf99/4fe9? 6..a§ Y 4.61/9*43      6.38 y 
iinevea . 4*63/5.44 
aurfao® 
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' I I '•: 

Figure 8 Arrangement of the beans for color 
measurement 



In ©as©' of & dish of Sffiall©^ dlfimetev of 4 iadhj th© ai'fia 

foeussed was found la^g©!3 than tfao dish, 

Affo^flanee.of r&fXQ&fclag'aurfaoes 

. in ©fd©? to minimtz© any rafleotiea fr©® tSi© di^h 

tsSaich might ot.ho^wlse pause iifferenc© la aatehin® color, 

the (Sis^ wa©' painted black islth black $&lnt*    Sii© 2?©auc* 

©d amy raye of llgiit reflectisig' baok#    <0hat>g« af ^wrroiani- 

iag8p colors of baol^pound eaa alao oa«s© dlffereneo to 

resalta*    fo atrold all iae>8© dlffarencea the ©aae edndl- 

tioii of surroundings and background shouli b© Maintainsol 

throughout th© ©jsperimont..    fh©, Ina^apusient VJSS placed In 

a dat»k roan and the mils war© alsa darii:aaed« 

'   Ofaglg© of disks 

A jud@E©nt' of "match''*  i$ not an 9s:aot asattosp.    it £9 

®ai® \^ithi]a a toloran®© and th© roau^tloa of that tolerance 

to Its saallaat alsa shouia b© the %%m of evaffy opepatoy 

(11), 

Soste aoloys. Ilk© g&Q®n 0? g^e^n yellot? ?®quire 

savavajL trials to select pst>p®r disk© to got a match with- 

in toleraneo* 

4nothop Isapoytant point of consideration is training 

and strain on th© ©y®,    ktt&p aavaral triaHa tM aya b<a>- 

com®a ai»'itiea.i to ma^k sharply tho dlfferanot In aoXor* 

Booondly it should b© not©fl that to© mu&h ©train should 

not bo given to th© ©y®, otho^nifise du© to fatiguQ of the 
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QJQ it is not ©M© to mark minut© fiiffereneea tTMefe m&j 

eause difference la Gol&r aeasureacsctW 

After ppeXlaiaavy trials tis© sdleotion of diaka i^as 

WB.$®,    kn attespt was mai© to la&v© diska fFoaa yelleu to 

gi?©©zi. j^lio^y t© co^©? tJa© rang® foj? all &© sa^l^'a of   '• 

fresfeJ ©auiii©^! BM f r&a;oa' b^a-ns*    But It ms -Amiid 'that  ■ " 

the sassa iis&s ^rhieh 0©jf© used 'for oanneia Beana e©ul.i aot 

Tb© usei fo^ £T®Z®II beans *    first, th$ saim©<2 beans ra©F© 

©®r© towa^fls yollow sid© aafi ehpoma was less than &^ 

fjpossa-boansi    SSa© fa?os@JS b®ans t7©f© saor© towards gp®m*> 

i$h f&llovi"'thaa yellow,a»S at th® sma© tias tbs ohfosja 

tias mor© tnaa canned traaaa^    fo^ this veaaoxra dlak of 

high©^ gs?0©a£0h 70IIOU hue aad highas?- ©laroaa did not 

suit the purpose for- ©aanod saiapl©s,     ®a® ntutral dlstes 

us®e3 for both oaxme^l aad fr©E®ia sampl©© ©er© 1^ ami %♦ 

la praotie© it |g a@t poaaibla t© find a diak of ©xaet 

hvi&s ""sraiu© and. chroma t© mat oh a given sasaple.    It is 

therefore a@e©saary to a®l©ot ttiQ 4i'aka of adjaeeat hues 

within the rang© of wMOh th$ hue of the ©affiipl© may iie, 

3isaiiar|y for adj^aating the vaiu© it is a©e©saary to 

s®I©©t tisro disks of proper valu© raage*    Sius it is aeo- 

oasary to have foisr disks which oan b© adjusted eon*- 

venieafcly to give an exact match of the sample*   Shrough- 

out th© Aole wrk an averag©- of three readings waa tak©a 

for oaloulation.  She s©l©etion of dialce la shorn in fable 21. 
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fabl© IX 

Su@g69t9$ disks fop tveah, bXanoh9d, caemeoi 

l^Tl,v^-M^.^^L<ll'■«^•^^'■^•T^^«^3fc^^^,fc^^w^*^»-*«a=wa>g^^ 

It    FP^ssh SI 5/6,      6 GY 8/8 8 I, » 7 
S^asa -■■.--■        .-■ .  • 

8.    BXaack©d ^ i/6,      8 ®g 7*X/X0.4, I X,  If 5 
B©aas 

$•   Casm^d ss: S/6S     8 ©¥ 5/8 SI, IS 

4#    l^ozea §^ i/6        8 0X 7»X/X0.:4, H !> H 5 
and 
thawed 

i**wmm maim Mm-\i: nmhin 
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Hesults 

Soureoi of gamples 

It wa© thought aairiadla 1© to eolleot-aompXes direetXy 

fs»om th© ©anning feoto-plss which, -wore p^ocessad and market- 

ed und©p the'sam© eondlljons ©f "b^an-ehiagp gradiiag aeeoFd-.. 

'tog to sieve gigea, etc* 

fh© samp!©® were Obtained frc® Oregon, Washittgtoa and 

Louisiana statea« F*^ o^ dl££§r©afc toranda w©r© puroluieed 

from the stores*    fh© vai»i©tl®s a^aiXa^X© v;©r© iXu© Lais© 

RegaXar asud 9tringXesa otraim and Giant Stringiest *    ^ 

requesting tfeese saa^piesj attesapta war© aiso ®ad© to get 

the previous h&atopy of the saapXes, as regard© variety, 

date of packing, Xoeaiity where it was grom, sieve aiis© 

and me&Oid of proeeasing* 
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tt&ble XXI 

Golo^ determination of tVQ&ft g^oon baaas 

adoo^dlog to'th© si©v© sj.s0-s 

(Variety - f^gmiai6 Blu© iak©) 

3©rial      St@v© Hu& V^lu© Chpoiaa 

:«U«.n ,ifliilWW»M.Milbl^)laia>^.x*aOW^^XWWWrTii»fT»'. m»W1.rl.»|W1HNir,',il   HWunh^r Wrt^.Ji|Mi1t.i.i|«W -   i III >«   , .piiw 

i. %*2*& 4,M ©T 4«9Jt 3*96 

2. 4 s.60 0ir 5# OS 4.60 

»♦ S 5*30 01 6,02 3.80 

€. s 5,86 Q3f 5.2B 4 ♦04 

"s* €ull a*so air ■ 0,OS 4.00 

Worn the above results it la seea that the range of 

hue lies fcetaeen 2*0 @T to 5*6 CHf» the value lies between 

4.9JL.to 6.03 aaa chroma lies between 3.80 to 4.60. As 

regaris ^alue it is aeen that it iaoreaeos with the size 

of the beans* Chroma ala© showa aa laorGaae Bom&timea, 



fable I? 

Eff©ofc of.blanohlng oa hue, 

value and chroma 
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S©j».    3i©tr© Color befor© Oolor aft©* 
lo..      lo. blanohlnfl _,      blaHchlng? 

Hme    'Talud     CtaP^aa     Huo     Value     uHFoaa 

0 

10 

1-2-5 4#92$Y    4.91 S 

4 5,60§ir    5*03 4 

5 3,30 01 S#02 3 

0 3*86 O0f S.88 4 

Cull    2*S0 ©T 6.0S 4 

©0 6.25 OT 4*5S 5 

60 4*90 ai- 4,83 5 

80 4.90 dY 4.83 5 

04 5.44 0T 5*14 

60 5.44 m S.14 5 

0? 

88 

@3 

i^oa tii© abov© results it is s@on that the color is 

liapro^ea. by blanching,    1!h@r# is not «x«h chang© in 

valuo but thep© ia a slight inoreaae in chroma. 
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Colcr doterainatioia of beans Srozen and 

thawed in the laboratory 

L    il     'III  lii  II      i    I      '» II.I   ..    ■     i m ,11       1:1  1   iinin'ir»  ,11111  »   »        111;    )l   1      III 1  

S®T*  Siev© 'Col6i» of bjaaeliti ' ' Coior of frosoa aafi 
l-o. Ho.      b©@m3 toawod beans 

«—■a—i In .mi      r;      11    '.1 nil'     iiiii",  ny'ii     ,-     1       1;         1.. -  11  n"      1    ii :   't ■■ 1 MM'II'        f 11   1    1 

1. 1*2*S ©.2§ m 4,58 5*58 2.5 (Rf 4.04 4.20 

8*- 4       "4.90 CHf 4,89 8,07 8.50 OY 4,61 ■ 6#S0 

3. §          4*90 m 4.83 S.07 2iS0 @X 4.68 5.S0 

4* 6           5«44 m $.U 5.88 ©.00 ©Y 4.3S 5.2© 

•  5# Cull    5*44 m 8,14 5,88 5,00 §Y 4.33 5,2© 

Blimohod b©ans w©.a?@ frosoa and ©saalaod after 14 days 

after eoaplote tMtriag at rooa temperatw©* 

Kpom th® aboir® f igmr©$ It ia aeea tMt blaachiris ©n 

the whdl© £apro^©s th© color of tb® baans, but oa thaplnig 

th© eolor o© the eoatrary s<§®ma filigbtly f a^od,    ®iQr@ la 

praetioally no ciianga In value and e&roiaa in bl'anebod and 

frozen and thawed samples. 
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$abl© ¥1 

fiie rasig© of color of commQrciallj quick fr02021 

Boaas 6ft®y" thaciag afe room toraporatur© 

{Date of paekiagi August 1947) 

faapiety?    Eegula^ Blue Sake 

SQP. '      Sl©^?© 
1®.       .    10* 

Bxe ▼alu6 Cteooia 

1. 1-2*5 @.04 or 3, »S4. 4.0S 

2, ►           1*2.-3" 8.63 ©If 3. »$£ 4,79 

3, 1-2-3 6.00 or 3. ,63 4,78 

4. »           1-2*$' 6.70 GT 3« ► 59 4.79 

& 1*2*3 5.87 m 3, .13 3.47 

6, 1*2*3 7,10 at. 3. ,97 5.00 

7< 1-2-3 6.80 @5r 3< .77 5.26 

8, >           .l-2«3 6.94 «r 3, .80 5.20 

9, »           1*2*3 6.73 @Y 3, ,7e 5.21 

10 < ;X#2*3 6*70 QY 3, ► 59 4.79 

u. »          1-2-3 6*45 or 3. ,S7 5.9.1 

12, 1-2-3*4 ©.so m 3, .64 4.59 

From the aboir© yesults it is s©oa that the hu© 11©© 

toettteoa 5,87 0Y fe© 7*10 at walu® lies b@tw@@a 3,18 to 3.1 

asi«3 cJaroaa lids bofcuoea 3.47. to 5,91* 
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Bie. raago of tolow of  eaaaoa l©ana from 

{¥ari©tfi . Regatar Blu© SaM©) 

.S©p.:    §!©¥©       Hu©       ¥alu#      Oto^aa 
If©*    I®# . .   . 

r i. mi «III ijiimii   "i..!  ".'"II   . II;,L,- i 111    Mi'  Mini Ml»    '.■■■' i1"". i     "■       i 'i >"'.«*> ' .wM" '••Kfy-^trwymiMt^syrMi.., : ^^j^m,i.irmrii>nsv 

I. 2 (Faacj) S.l© * sas 3,4@ 

.2, 2 6«78 IT ' 4«40 3,84 

3. 3 (FQEief) 3.90 Y 3*61 3. m 

4« g-3-4 (Cuta) a.ao f 4*00 3*80 

S# 2-3-4 
Cohort outa) 6*90 T 3*82 3.16 

«• 4' 6 #64 If 5.20 4, ©3 

^Z, 4, 9,94 J 6*66 5.66 

s. 4 5.80 ¥ • 4.42 4.14 

§■* S'{Bstea 
ataadar^) 6*60 T ■ :$.,i5 9*99 

10* .  5 (Ixtipa 
standard) 0,2S ¥ 4.50 3.83 

u* 6 (Sfcaudard) 5.62 Y 4,92 5. ©2 

froia tti® abd^© results it is aeon that huo llos fe©- 

traeesa 3.90 Y to 6*60 Y, ^alu© lies botween, 3,61 to S.2© OJP 

say t>©tw@©s 4 to 6 and Ohroma li©s betv/eea 3.60'to S.S2 OP 

.say b©tw©©a 3*5 t© 6* 
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fcble fill 

®i© rang© of color of oaanod ^©aas of 
th© saffl© variety anddSffer^nt $!®^© 

(Bat® of packiags 1&47)- 
Vavioty s    Blue. £a&©. Str-ingless 

S©r.      Si©v@ Ba© falue Ciirom 
' lo.       ftb* 

12*       I {mol©> Sa8 ¥ 3,77 ■    3.90 

13.       I  (iShoIa) a.lt IT 4.13 4.70 
14•      * (mole) 6»0ft Y . 4.03 4.64 

Averaffl    ,„ ,,. ,8*79 Y '.      '3.97'      i """ '   4.41 

15. 4 (Fancy) §«Q5 t 4.3© 4.91 

16. 4 (Fancy) 6.20 T 4.47 4.47 

17*      4'(Fancy)    /    6.60 Y 4.31      , . 4.8S 
•   A^yage ;    AffiXI. , .;4,#ay ,,, ,~, 4.73    Zl 

18*      8(&ct»atan4apa) S*0S X 4.61 4.64, 

10.      Stexfe*3tSinaiM) 6»-48-Y 4,33 4.§7., 

20»       5(Bart*atanatir<5[) 8.S1 Y 4.27 . 4.62 
■i.if.r, ii.:.      ,I-,»-.-.I  ..TiVm    -i. .I.II.I   TIII.II-   ,1, li^JljJi'. ■in.'iii.lniiiii.rjiiiri.-r K in    Mill.. I .).„ 1  .Ii iij-niuji-jii-'   .Jii    i   in 

AvoragQ. .    . ©.30 Y 4.40. 4.S7     ■  Ki'/iiiiflillii ,II  ruiiinnni .im i .in i   i ii iijii in .'.in. n,...*,!!-'. •iiiir.'ni.ii  „  n.m    .II. , ii.-iuriii, .,..,1..,. 

21. 0 (3«aadar«>    ©.60 t 4.42 4.94 

22. 6'(Standard)    ©.OS Y 4*46'.' 4.76-" 

'23.      6'(Standard)    6.02 Y ,,4.6&    4.82 
Averajge:       :   ; " €7&2 Y ' '      "'4.46 '     "   4.©^. 

WJ?om the at>ov© results it %M seam that the avejmg® 

hu©, talu© aad etooma for aitv© I©. 1 is l©s§ fean that 

of 81©T© Ho. 4*i asad 6.    Baana of aiev© lo. 6 ar© oa 

avoraga llghtor la color. 
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tBtoU It 

flie range of color of caaned beana 
of the mm® variefejr packed hf 

iiff©r©Eifc C0ffl|>aai©s 

(Dafe© of p&ofelng* ilmgmst 1946) 
Variety^   Blue Lake i©gular 

I®» Mo, 

24, 1-2*3(fancy) 6.S0 T 4.1® 4.53' 

2S, i-2*3#*« 6.14 ¥ 4,-20 4.84 

2C. 2 {ttaci-} ®.46 IT 4.55 5*21 

27. . 2 {fancy) 6.12 ¥ 4*37 4.©6 

i28. 4 <Fancy) 6.00 T 4.4§ 5.26 

29. 4.-5 0.10 I 4.65 4*95 

30. S (Brtra 
standard) 6.03 X 4.48 §.19 

31. S (Extra 
standard) 6*08 Y 4.52 5.02 

32. S (Extra 
stanciard) ©*14 T 4.33 5.03 

33. 5-6 S.10 Y 4.39 5.64 

34. §*0 6.17 Y 3.93 4.55 

3i* §*© •6.25 y 3.94 4.38 

30. 6 (dta&AftVd) 6.25 f ■ 4.39 5.11 

37. 6 (Standari) 6.36 Y 4.54 5.23 

W&om the above results it is aeea that la general 

the color of the eazmgtl "bsaaa Qoos not chaag© consider- 

ably bixt  remalna practically the aams after two years 

storage. ta&  ¥alu© also remains practically the aam©9 



n 

but it is noticai that eteoa© is laoreased sllghtlf as 

seen fros SlatoJ.©' fll* 

2ho GOIOF of ©ann©a g^^^a l>©ans of tuo 
different ^ayietlea grotsn and paek©i in 

the stat© -of IFaahingtoEi 

$©r» 
So* 

Variety Sieve 
Mo. 

Hue talm© Chroiaa 

&&* E©guXar 
Blue Rake 5 Standard 6.S0 1 4.34 §•30 

39* Do § Standard 6.60 1 4*52 5«$d 

40. D© 5 standard 0.02 X 4.73 sas 

ATorag® a.ga f 4#62 5.M 

41. 
S Standard 6.60 1      4. S3 5.2© 

42. B© 3 Standard 0*60. T 4.53 S.26 

43. P© 5 Standard 6.60 X 4.52 5.22 

iLvermse 6.60 ^ 4.86 S*24 
• 

l^om the a'fc»©¥® results it is s©oa that tharo is a 

alight differdnoe between two different varieties of 

green beans., the hue of Blu© Lais© Sfcringloss ic on an 

average more than the Hegular Blue Lak® variety. As 

regards value and ehrosras there is praetie^illy not isueh 

difference. 
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•She ©oiof1 of @aH!n©<t §f aaa feisew© P»OOTI 

32 

lo. 
Variety, SHev© 

If®. 
Ba© Va>ltt« StoOMa 

M* &isxnt .8 {^t?a      3«S§ Y 4.4© S.00 

4i. ©0 . 8 Be @*Q8 t 4*38 4.70 

46. So 8 ©» «»4X.. T 4.SS; 4.98 

47, Do 5 B© 8.80, If 4.24 4. §7 

48. Bo § Do 6.16 X 4.S§ P.04 

m* l>© 8 So* 6.80 f 4.88   . 4.70 

S.ai 1      4.48 4.©4 

i,;,r;Wri»r)-n.">.'.l.' „■;,,,, . 

.Fi»©sa the tbOTO reamlts It is a©©a that hu©, 'va^Lud 

aM ehyosnii ^oes not show anj saapIsM dliffQ^eao© from b©ans 

of th© Blu© JaM© variety la th© ppseadiag table. 
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T&fcX© XII 

Compa^a&lv® rosmlts of tiha coior' of eaan®^ graeat 
b®ans of B$®V® sis© Mo»  © of different ^arietlts 

snd loealiti©© 

¥as?i©ty         lAdaXitjr Huei miu® CfoffOBia 

3.) Beipalar   'Washiagtoa S,20 T 4.04 5.20 

Bo           .90 6.6© T ■    4.52 s.sa 
-So        .'So 6.02 T 4.73 ©.18 

ii^erag© 6.28 t 4.02 S.M 

2) M©gulas»   QucQ^on 
1 lux© Ms© 

0.60 1 5.IS . 5.89 

Bo            S© 8.66 r €.68 4.00 

ik^erag© 6.1S Y fi.fll 3*^4 

3) Bluo Xdk^ Qtehinston 
^tringlesa 

6.©0 ¥ 4.-as 8.20 

po             Bo 6.60 t 4.5a g.ga 
0o             fie 6.60 T 4. S3 S.02 

4v©yag© 0.60 1 4*86. 5.24 

St-s?3.agl©sa 
a. 02 1 4.61 4.64 

Do              Bo 6.48 y 4.33 4.46 
B©              So 6. SI Y 4.S7 4.62 

Av©Fag® 6.30 T 4.40 4,57 

S)©iant         Louisiana 
StFijagle^a 

6.S§ Y 4.49 ©.00 

Do             D© 0.08 T 4.SS 4.70 
D©          ;p© 6.41 ¥ 4. as 4. is 
P©              Po S.80 Y 4.24 4.67 
So              po 6.16 1 4.56 S.04 
Do              £M> 6.60 Y 4.38 4.70 

A^erag© 6.21 Y 4.43 4.84 
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• Comgaglgoa. of ooloy BiQasUfamont ^otiieoa RefXeetioa 
me teg and Pluaa©!! dlae ooXovim.®tT's^ 

Eefleotion sj©t©p whieh Is bas©d on ttfichFosaafcle sp©e- 

ifioatlon was triad to meaaur® 00 low on so a© te®aia aaaipl@s» 

Hh® lnatpua©nt oonsiats of a ©©apoh ualt foaviiag aa opoaing 

of 5/8 ineli dlam©t©j?«    It has tto©© filterss   Aasbor, grt^a, 

and blu®.    Each filter Is oallb©rat0d for r©fl©otaao© 

agalast a reflaetlag aurfae© ©f aagnoalxaa oxld© plat©* 

which is.arMtrarilj asaum®d to have 100 p©j? cont r@fl®ct- 

aaco. 

&© opening of the search tmit fcoing amall It la rather 

doubtful to' hav© oa© cap two readings for a aaias!© Ilk© beam 

which haa aot a unifora surface*    Secondly, a sampl© having 

different shades and variation in color in an area under 

examination, will give different readings at different 

places when the search unit is placed on the sample.    &n 

attempt was aade to se© whether the reflection meter coiald 

he used with advantage for samples having uneven surface 

like beans*    In order to have a good representative color 

data of the saaipl© it was found necessary to have em 

average of 8 to 10 readings taken at different places over 

the entire area of the sasa^plOj taking oar© not to position 

the unit over a apace betv/een beans*    fh® following are 

few results of color values of few aaaples of beans for 

reflection meter and Hunsell disc colorimeter.    It was 
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found that the valuQ &n3 elsroaa remain p^aetioally th© saae 

tout huo la general is found t© ho 0e8=Q«>9 lass than the 

Munsell die.®. ooio2»im©t©y*    Kife w&j b© due to the fact that 

somo rajs of light might not b© eompldtslf *efleefeed baok 

du® to unawm surface* 

Wble'xiII 

Gorapayatlv© color .aeesuremeat resulta featwaan 
E©flaoti©a aatar B.n<& Munaoll dlse colorimatar 

Saaspl® laadingil with H@Q,dingsJ wife llunseil 
Eaflactioa Mater Dlse Colorimatar . 

mimmmmm n wi. n   *w\m*mm*m  M ■■IUMMMWIUWII V.. mmmum ■ ■ niiim ■■■MI >n   .HIIIH wwl-nt^a'i  win - m  mm'\^Mmmmtmmmm m\mm,n mmmmm mmu,\ v 

Cannad- baana    $.84 t S.9e/4»4S 8.6 Y 3•'98/4,36 

Frofcam ^aaaa    S.SO ©T 3.70/4.73 6*18 05r 3.72/4.5S 

Frozen beans    6.06 GBT 3.90/©,92 @.SO GBf 3.87/4.72 

Frozen haaM    S.8S CBT3.8S/4.82 6.75 0f $.84/©.OS- - 

Kie advantages of using this instrumant are as follows: 

1. Ease of oparation 

2. Siow oo ®t of the instrumant 

S. lo color-matching skill required - oT&Jaotlv® 

determination not dependent upon the human aye. 

In order to hav© naxiraua reflection and no Intarferene© 

of surrounding light, a wooden disc having a tearing hoi© 

exactly fitting into the neck of the search unit tfas used. 



m 

&© l©u©i? part of th© dia©. ims painted! biack &ml was kept 

©•^©p t&e aaapl©*    fhls ps»©y©at©a any Fa^a of aid© ligit 

falling on *th© aajapl©. ' fSie ae&coii unife was placed ©a fete 

sampl©,. tli^ough th©, tsood^n dia© aad t%3 sligktly pf©sa©d . 

oa th© Bmnpl© to Mair© a more mniforss surfae®. 
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Cfi&?3SR 2? 

MSOJSSIOH OF RESULTS 

so fax's 'It Is a©©n that there is a aotitfeablQ 'differoaee 

la huef. valu® aa^ chroma of Jfr&sh, oaaood and frosen groeia 

Ij^aas.    Atteapt® VJ&TQ saa^0 to find out tifti©th©r ther© trouM 

b© jaay maplced diffsron©© la OOIOJ? a© rogavda sl©^© sise, 

TOrl©% asd locality la easM©a tod fpogea ^oans* 

FgoshBeaaa 

la tli© ea99 ©^ fscaah b©a3ass diffe?®at varieties tfeiolt 

ar© us.@d ©peeiaXXy for oenral^; ^©r© not available-la fch® 

state ©f Oregoa.    Hae ^olor detoraalaatioa in th© feosh eoa- 

dltion was therefore resfcriet&i to ©a© variety, aamoly. 

Blue Lak®.    fh© color of diffe*eat sisv@ aia© b©aiia ia 

freah coalition, ©ff®ct of blanehing,' frsQBlag aai 'thaw- 

lag la th© laboratory was ituil^d.    f!h© huo ©f the beaao 

ia froah ©oj^itloa wa© foimd to b© aasinua la beaas- of 

sieve sis© !©• 4 aa<3 th@r® was a decrease ia hw® as the 

beans trere more aaturea.    Similarly there was an iacreas© 

ia the li^ifcaess of the beans as the maturity progressed, 

Stje ehrosia was fouad to be variable with this small 

aumber of samples,     (fable 11%.)* 

Iffeet of blanchla^ 

Blaaohiag of the beaas improves the .oolor oa the 



30 

vthol® as is aosn from fable !?•    ais ioprpvoatsnt in gpsoa- 

a@ss.is of eonirso a oommn dhmrvafcion*    iSies© loans'raoy© 

\7Afee?-l>lanohe& l«i tJ»d labovatorT' at 193 cldgreds' F* for if 

niau^as* ■ I'fe tyas moti©^ that'.bus $hlf^$ by' 3,.i5 t© 1*60 

towai»dl9 0^©@a*    In ease of Elo* 4 sl^G ^oaa$ the ku© oas 

^©ea to hair© dropped down fej 0»!70 totsaMs jsllot?.    ®i© 

reason fcE? thia Is not knotm*    2a tho cas© of fe©aasj of 

aiovo sieo fo* 5 it was found that th© to© la auoh improv- 

ed.    &© b©aas b©oo©0- ©lightIj darken and the ©hang© in 

ligfei-tjatsa d©©r©as®a ^rith th© ai-ss© of th© beans*    Ohpoma, 

how©v©r, shoyad an. iner©a.s© f roa 2S to 46 p©r o©nt* 

ggaaa&Jgmg, •    • • 
In order t© g©$ an i&©& of th© rang© of ©annsd l?©ans 

aa paolcad by the eanneries, a numbar of aaaplaa of variola 

sieve slaed beans* of different varieties and grown'in 

differ^it loealiti©© w©r© ascanined* 

Sfeoa fabl© vii it is seen that diff©r©nt oiove sised 

beana of on© Yariet^,. namely^ Regular "Blue Lak© was ©iiamte- 

ed t© find put the rang© of ©olor ulth respaot to si©^© 

slse*    It ^as found that all eannad aaoyplea toere very 

aiailar yet oeaaiderably diff©r©nt.Sworn fraah aampl©s* 

&© rang©-of hu© ^ariad from S*90 ¥ to ©*©© T.    fb.® only 

markad differ ©no© not i ©ad waa in mlu©.    Boans of aioir© 

siE© lo. 2, S, and 2*-S-4 ©ombin©d tirera darker than those 

of ai@v© aisoa I©. 4. and above*    Sh© rang© of valu© 
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iwiecl bofcueea SiSl to i*86 ®ad qtwomm. twom 3»SO to S.06. 

It v^aifl liot7@f©|» notleei that Mo. 8.asii S Fancy TOE*© auok 

■   Aaot^^1 it3*aa.a of BIu© liiik^, a'atiioly,  3t^ingXefi«f was 

©2S&»in©<3 for oolof' a»a Its final ntftaot on ool®f by caimtog 

is shorn in fbfele 7Xn«    S®aag of- sieve ®i$m I©, i, 49 5 

m& 6 available*    Oa estoiiaatioa it «ae f:«ani that ©n an 

average tfe© fe^e fof -aiow® ©is© ^o* 1 was $»79 Y, fei'.t the 

vs,Xu@ ^as S.&7, which was ^a^keff thaa ©th©F sieve §3SQS.. 

ffii© &m© vas maieiaaw fop SIQTO sis® lo. S^ aai tSa©a -agaiia 

^popped fox5 sieve aia© Ho. 8.    tightness liou©v©s?, increas- 

ed pi!!>®®F®&®lmlYt but net acieh diffoi'Ons© was notie©d in 

ted, ^alu© ani ehrosa for sieve sis© No, 4 and 6.    Wram 

this.it SQQHS that-thejpe is mo appreeiable efaaage in hue, 

value and etooaa for Sieve ei«ea im 2l0> 4 aa^i a'bov©.    It 

is tihere^ore seen that th©r©' is a ^ivi&ing line bettEreeo 

color of sieve e&aes from lo. 1 to 8 and fro® 4 ani abeve* 

As regards the iSfference in ©oior between Hegular 

Blu© iMtQ and $tring!©s$! strain th©re wae not oueh aiffer- 

©aeo notioei in fan® m& value in all sieve size a but chroma 

for Ho* % tthele, for ©tringlesa variety was ali^atly more 

as • eoapared ulth Ho. 2 fancy at Hegular 'Blue ]&ake»    Uiis 

aay be due., fee the fact that trhol© beans tend to rotate saore 

intensity in color in eannisig than cut beans. 
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tootfeies? po&iit" xihloh v&& Atudled BS© to tInS out o^atte^ 

oaanisag p^©o©^ur©s a4opt©i gifffev&itXy bj iSlfformat oean©^- 

ide tod any off dot oa fe© f£aal ©oloi'*    A f^© daaplaa ©I 

fiiffefoat teandi v3©?»©. ©samia©^ and tgfcich vmre appyoasiaatoly 

two y©^© old f1^bl.e IS).    It oaa hotieeg that tter© was 

aot not&eoabld ilffer^ae© Ha hu®, fate© a&g. ©hroma T&©tw©c® 

4iff©2?©ii% bjpaiads.    It waa honrQ^es5 seen tlmt on tim iSaeX© 

tk©r@ wa© a slight increase in (Shf-oiaa la ©II 'tfe- aampl@S as 

eoapaE'efi. ©1th ohros^ of baana ^ S'abl© v.. , froia fejls it is 

s©©a that tli© intansitf, iBseroaaoa cjitti th© storag© tla®, 

oi4 th© cliff©i'©!!©© oae ^a© to th© s©®s.on« 

Effect of looaiity anfl iS,%it®F®®® .Tayl^tiaa. 

Fow aietmplea -of beans ^©pa obtalnocl irm tho stat^ ©f 

ITaaMagtaa ani Louisiana t© stady tk© effect of local!tjr 

on ©alof of oannd-d ^©aas.    %m- varieties of beans gi»0?m 

la the frtate of Qashiiogtoa'aad padced by oa© paokisi3, aa^ 

one variety fx»oa Jioulalaaa,. w©re oasaailnei fos? ©oloi?*    Em 

on @n average fei» strlaglod'a b©oas tjaa mv® than regulajp 

Blmo IAISO (Sfeble I, asfl Fig* 7), bat they© wts no^ any 

appreciable dlf fereace la ^alue m^ ehroiaA btti'yaen theae 

to© vaffi®tlea.    She Giaat stPlnsleaa beana 'grotm aafi 

pasl?®d! la XfOulalana- faa«3 on an average load hu© than that 

of'BIUQ Mica Strlngleae variety-from th# stat© of 

©auhlngton•   'Valuo ©n th© ©hoi© #14 not differ amoh 

though beaaa fro® Washington dlA sho© slight ao'j?© llghtneee 
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tout eteoaa uaa sligSktlj mox'<& in hQam £wom Washisigtoa. 

Oa th© THSI©!© it is s©©n that, locality ^ad .aofe mntih ®ff©e%   ■• 

osi to© "but It dia M¥© soa© &££©©£ oa valtt® aM eh^oaao ■ 

F&on fgMX® Mt Aa& £fon grgph (Figui'® 7) it til 11 "&© saea ■ 

that Rdgiili&P'&Xuo Mlm an& Btvlt^l®®®: imm XJmfciagtos ajp© 

©a the ^hold' !3gfcife©s? ia ooXo?«  . 

gan^^ p$ ©olw ..og.eaafteta-.^Q.ans 

Ira th© p?©0©nt ^orfe, att^afta t;©!5© E^JQ  to d©t©:m&ne    .. 

tho fang© of «olost Jf©s» eaim©d boana. IraeopeetiTO of sig© 

aad. p^jfiotl of afcoi'iig© ^afi ^a^l^tj..   All fch© penults ©Tb*   , 

tetiaed .©o fis9 et^o .plotted om grajptfo of hu^i, faiu® a^ ctocaa 

wia» valmt eprreeted to S fo^ all tho eampl®© iMgnw© €). 

Siis vmlu© was thought fcott®*8 to fi^aa most of tho sanplos 

&a4 a vmlu© 3?ajage >©tt7©©a 4 an^ -S*    ^©fy few simplos Md 

valu®. lesgs thaa 4 ©F ©.^ove, S. . Fffom t.h.@ gyaph of iaa€> 

poiats plotted for. ^,ana©d t>eaa9- it • Is 9eea that all. th^^a 

8g8apl©.s_li© el os© togsthox9..    fhs rasg©' of eoloa? fof,eaaa©d 

hmm was f©ma4 .to 1>©S, fop tfae .moat part, .from 8»S0 T to 

6«6® Y fos5. all th© oosploa Irrespactlw ©f ais©^ aai 

iralu© 4 + •S fos" boans ffora Sieim lo* 1 to S, aad- 4* SO ^ 

•SO fos? aio^ei a%&99 Ho*  4 -aaA atjoi?©? @too®a ^•^i ,+  ,i© 

i®r all tH©  sa»ipl©© iF?©sp©eti^s of -fiiig®*    l^om the g^iiph 

(Pigur© 6} plottodi fos1 valua.a^d ehtym,. it. i© ©©en that 

lo* 1, or 1*8-3 ©oesMaefi sieve si2©d &©©»? 11® uithla a 

froagp of 3*2 to 4.4 ¥al.u©j, aad '3«8-,to d eteosa, toufcthsr© 
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IB not m&oh diffareaee la gronipiag iMitwd^x siove siseD 4 

ani abQV©^ ho'tJ&vex? Ho.  5 ©?® fouad jsaoh grouped tog©lh©s>* 

Regolap-Bluo lak© ^ai»i©«y paek04 in ©rfgon..    fh© fs?os&a 

b9sa8 a«0 g®n®i»ailf of siwe siB©® l-2-3jOa? at tiiao® 4 ar® 

to osao ¥a?»l©ty*    It wa© found that the eoXop of fresh 

'femm gpmtlj iMpvovm aftajp.toiaaohias*    ^o bean® aft®!? 

thawtag app^as4 to haw mo?© hu© «hiftod towards gs?©©n 

and appear ®or© ias?M* 

& f©t? sampled of fro^h ■&>©&» w©r@ obtaiaoi fr<E® Stay- 

fcoa^ Or©gOB«    those v?©r€i blaaohod at 133 aogroea F. for 

I'l alnutoQ and tyoro fpoeen is oar tons in oollophaa© Uags. 

ftos© saa^los after thawiag did _ not ahow t^o hn© aa it «aa 

with ooBsmerolal sauplas after thawing*    flEhis may h® ^u© to 

the faot fehat.th© boaaa froaaa in th© eannorioa ar@ quiolc 

frosoa m$ aro iMivi^usilXj frosoa an^ paokodf    tthi&e the 

'hQam tyhich wer© fro3©n la the laboratory word slow frosoa* 

Prosa fatbl© f asid Vt It appears that ^ulok freoaiag pr#- 

vents datoriora.tion. of fch© o©lor»    Th$ color for toaaas of 

si©^© sig© Ho* 1*2-3 frosen ©asl tha^d ia th© lahoratorj 

ass s®©a from sable f, was 2.0 S¥ 4.04/4:,20j) yail© tha 

co'BsasroiaX aamp'las for th© sam© size raagad fron S«8? @f 
3.18/3.47 to 7,10 GT 3.97/5.00*    Frora th©  graph of huQs 
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value and ehrossa top fro$©a ho&m (FlgtEP© S), it may to© 

©^a©^^©i that all tsla® saapl©© lie very eleae toge^er* 

She rasagm ©f hm @f fpogQa ^eane la 6«60 OfSf 4^0«25# valu© 

Is 3,60 +, 0,20, and ©h^oaa is S,00 f, O.BS (flgas?© 5)* 
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' ssiie U*3eS*4. ^e>Mng standBrcia have n&t yet a©t th© 

rang,® of eolor ©i^&Li&r f©p ©aim©el or ?ro.s.®a beans, ess^ept 

tfo&t a waiforaity of eoXor Is atsired, at tk© preset 

time*    It tms 'Slxtis@f@^® thou^it uoftlwhil© %® Btu&j fea 

raag© ©f eoXer la eaaaafi and immn b©aia® and dstaj^aiae 

If poigifel© %&& ipajig© of coloi5 for both of tfe©©© products, 

la ©^dl©^ &© do this it oao ftoaght E@©®sieia^|r td osmniao 

th.© topples. f^oB irariou© camsey&es and td siak® a prelim- 

ia^PSr #W¥€)j to fiafi ©ut the prtbafel® rang© @f aoio? of 

©aimed ten! f^osea. "beans uith f©sp©ot to si@T© ais©, 

va^latj anS quality*    la this prolls&lawj survey tlare© 

OF few samples w©i»0 QxasinQd la' el&sslfications of (a) 

sieve ii'S<3ifi  (h) la^©ll©d <2uality gx8^^,  C«l Xoeallty, 

* (d) variet^x,  (e) f^edh, aaaned aad fyos^ii, and (f) 

rapidity of f^oalag*    Stiis -^d© app^exiffl&tely 70 

different saaples aftei? the ssfctkod x?as worked out. 

M fegsx'd© ai©F© stis© of .eamaei 'bean® it oas.found 

that tk©r® Is a demarkation of Use of eolo^ up to sieve 

©1$© Io« X-2-S,-   Si©' hue is sous© ©a§©s ami' b© th© sas© as 

that of Boaais of h%0,or sl©¥s sis©ss hut value aafi cshrdMi 

is foua4 generallj logs*    But fop si©v© sises 4 and!, a'b®'?©^ 

the ©aiming ppooeiui?©© d© not stake any differonee on the 
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fiml eoloi? as r©gas?ds hu®, mlu® or otooiaa, 

Aa regards varietal aa4 looality dlfftreneQ it was 

fouaQ tfeat it did act bstv© am^r iaars@d diff^renoe on the 

final ^olor of GasmsxS b©ans*    Ss© ^ts?iagl©9s straia of 

Blu© lak© variety egmn©^ in ^afihingten had alight dark©? 

appmapano© than that packed in Oregosi ia tho sas© soasosa* 

SiBilarlj was th© eaae for regular Blm© lak© variety*   A 

©am# of 0iaat Str ingles a beaas paekod to ©no of th© 

canaerieg in liomiiiana was found to b© intormodiat© in 

lightness and ohroraa with that paokod la Oregon and 

tifaahiagtea, but hmo w©a lea's than both of th© latter. 

As ragapda quality of feoans it m© found that most 

of th© fancy D©aaa of sioir© siz© Ho. 1-2-3 fell trithin 

a value rang© of 3+2 to 4.4 and ehrona rang© of 3*2 to 0. 

Fancy beans of sieve siae Be* 4 fell within a value raa©& 

of 4«3 to 4*7 aad'ehroma rang®, fro® 4*2 to |*2«    Bxtra 

standard beans mostly,, ©f sieve siae He* § foil for most 

of the part tilthia a value rang© ©f 4«S to 4«d and ehroaa 

rang© fro® 4*S to B*l»    Standard beans had for moat oS th® 

part a value rang© from 4*4 to 4*7 and chrosa range from 

4*8 to 5.5.    As regard© hue there was no definite relatiaa 

either for sieve siae or far quality.    {Figar© 8)* • 

■fflse rang© of-dolor for' frozen ^ean© ■oas determiaei and 

It uas found that the hue rang© ms 0.50 ®t £ Q,2BS valtae 

S.®0 ± 0,20, and ohrom B*Q0 4 0«8$*    It uas noticed that 
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the eolos* of quicl fffowm baaa,© ma x»©taia©^ auob aoz1© thsia 

tho.s® of' &XQV frososa ©aes as isfeayisineil trom t^b&r&t&vf 

lhl» il$ea tm aeaauring" Iti© frddb, eaaa©Gl imfi frojs©a 

begins «ft8 d0t©2»»in®i as ehamn la fabi© IX» 

th® ptMBtfrility of ualag a refloot&on mQt©!0 was ©xplbj?- 

a«l aiai ifc was foind thfit mte the Bam© eenditlo&a of hom 

&&%>mg&Mmt &.M 6©ntiaiA©r ^^ 7am shooed a differenee of 

0,8 to 0#9S vhile %h® mim© and ^rosia pemaiaed practical- 

ly the '(Muw* 
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(1)   k aatlsfaetori' ii©th©€i ^os* eploK1 gettoiiiination ' 

oitfe iiu© e®l,or£m©t©r bj suitably a^raaging thd- t»©an3 has 

(tj    Sio possilbHitj of u©iia@ ©, refSLoo-tion Ei@te!S?,waa 

of beam aryaagesjeiit aad ©ontaiaog3 kh.& huo sfamod a littl© 

differenee Init tralue aa^l ufaromflt, remained py^otie&XJj tli© 

aaiBe*-    &© ua© ©f this withod if ms.49 auoeeaaful fey 

ftartixe* invQatigatioa wouia faollitat^ oo^or ueaSuroEsat 

and nalce It 02itir©ly eleTmid of tba, p©i?aoaai £aetoi? in 

oo'Xo? sjatiiMjaf.    ©to, iiae a@thodl gives.audh strain on 

the oy© by eoaa.ta^t loaning ©v©r, til© ©yepioo© aad fwiher 

to a fatigued ©y© it is not poaaibl© to dotect mf small 

diff QFmQ® in 6©lo2? mat OH* 

(S)   Ron^Q of oolor for oaim©S ^eans eeeordSng to 

si©v© sia© is a©t©a?®i3ac)d and it i@ fousid that tberQ is a 

danarleatlott lia© b©tQ©©5a to@@aB of 1*2*3 si©v© gissei ahd 

4-5-6 aiov© aig©s. 

(4) locality aad variety did not tov© aweh ©ff®ot ©a 

the fiaal. eolo? of canned beans in th©:3& aaHi>l@s, 

(5) Color with 2?OPp©et to t^ality haa h®m &®t®Fmin®& 

BM is. found to have soa® rolatioa aa a ©©a from grouping 

of b©an® by quality as m©m In figiir© 8.    But to have HOTQ 
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tieflsiite |>e8ult9 It Is reoomismdlod that this wofk shomid fe© 

o.APrjLed oat la tlas»@© os* fowp e)asm©s»i®@ ^ore a :amafo©f> of 

©ans ftre ©pen©^ every day for (ga&lity as€ eoloa? gradllag 

caia la'aialtioii awadX'oms sgfflplea fro© different Dtat©0 ffloy 

<6)    fe© i*to§® ©f ttolor of fF©s©a besjoutt ia detarmiaefi 

ani it is fouatf tfeat quiok f^oeslng t^nds to ^©tala eo^op 

SHWO than JPIOW fro'aon ©no©* 
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