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METHODS FOR PRESEMI1G RASPBERRY kW 
STRAWBERRY SAMPLES TO THE HUKTER 
COL® AID COLCR-DIFFEREISJCE METER 

IHTRODUCTIOH 

The color of most foods is of prim© Importance, in 

that it has a definite effect on consuaer preference and in 

most cases is associated %'3rlth the quality of the product* 

In th© United States standards for processed foods the 

color is of major importance in th© overall grading of the 

product• 

In most instances color is evaluated subjectively by 

a panel or trained grader. Subjective evaluation of color 

may be quite sensitive and is the ultimate basis for any 

preference system of grading. However, subjective evalua- 

tions of color suffer from disadvantages in that it is 

often difficult to obtain reproducible results, and in that 

personal bias may be a factor. In judging for color it is 

also difficult for the judge to evaluate this factor with- 

out being influenced by the general appearance of the 

sample. 

Considerable attention has been given in the past few 

years to the use of instruaaental measurements in the eval- 

uation of the color of food products. The aim in most of 

this work,  has been to correlate the instrumental measure- 

ments with subjective evaluation of color. If a good 

correlation could be obtained it would be possible to 



express the color grades in terms of instruaental values 

rather than depending on an experienced graders The advan- 

tages of such an arrangemsnt would be numerous s. Such a 

system would Result in absolute standardization of .a grad-- 

ing scale and trould ensure reprodueibl© results v This type 

of grading could also b© perforiaed by inexperienced 

personnel*' 

An  instrumental measurement' of color has another 

sarked advantage in that it gives a pereaanent record* It 

is then possible to accurately compare in absolute terms 

saaples from different seasons,- or changes occurring during 

storage * This cannot be don® using subjective methods of 

evaluation since on© cannot remember a color with any 

degree of accuracy* 

Although the standardization of color grades in terms 

of instrumental dolor measurements is the ultimate objec- 

tive in this type of work* many problems have yet to be 

solved before a reliable system can be designed* Much work 

has been don® with tomato pure© and in some eases good 

correlations have been obtained between instrumental and 

subjectltr© evaluations of color* In measuring the color of 

Most- food products one has to contend with the variability 

of the sample* In this respect tomato pure© is rather an 

exception in food products in that it is quite homogeneous* 

!3£he variability of the sample can be overcome in two 

VJBJS*    A  series of readings may be taken and the mean value 



obtained, or alternatively* tho sample can be convartod by 

soao aeans into a hoMoganeouS' form. She sample, for 

inatanc©, could b3 homogenized in a Waring Blendor. 

Another method of obtaining a composite reading is to 

rotate the sample above the measuring instrument. Shis 

results in a uniform impression of color and gives a steady 

instrument reading. 

In th© evaluation of a given method of sample present 

tation it must be shown that th© technique in question 

gives a valid representation of th© color of the sample* A 

rapid method is also desirable for any routine work* The 

reading obtained from a rotated sampld, if shown to be a 

valid representation of the color of the sample, would pro- 

vide a rapid method of color measurement. 

The object of this study was to evaluate these three 

methods of presenting samples to th© Hunter Color and 

Color-Difference Meter. Fresh and frozen raspberries and 

strawberries were used as test materials. The instrumental 

values obtained were compared to the U. S. Dept* of Agri- 

eulture. Agricultural Marketing Service^- scores for color 

to determine if any practical relationship could be 

obtained between color scores and instrumental color 

values. A comparison between the color of the fresh and 

frozen berries was also obtained. 

^Hereafter referred as A.M.S* 
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REVIEW OP XJTERATUKE 

The earliest systematic aethod of color notation is 

that described by Munsell .(23, p.275) ■» In this system a 

color is defined by three psychological attributesj hue, 

lightness and saturation, usually termed hue, value and 

chroma. Most other systems of color notation have been 

converted to the Munsell notation in order to evaluate the 

accuracy and precision of color measuring instruments and 

to enable the research worker to visualize the color spac- 

ing of the co-ordinates of the color measuring instrument 

(25, Pf85)* Color chips classified In the Munsell system 

have been prepared and the color of an object may be 

specified by direct visual comparison with these chips. 

Color dictionaries such as that prepared by Maerz and Paul 

may be used in a similar fashion (21). 

In 1931 the Commission Internationale de I'Eclairage 

adopted a system of color specification generally referred 

to as the C.I.E. system of color notation. The abbrevia- 

tion "I.C.I." representing the initial letters of the 

English translation of "International Commission on 

Illumiaation" has been more frequently used in scientific 

literature written in English. Recently, in an attempt to 

standardize nomenclature it has been recommended that the 

abbreviation "CI-E*1* be used (26, p.4). This system of 

color notation depends on the additive properties of color 



5 

and has been described by Hardy (9). Under the condition 

of standard illuralnant and standard observer defined by the 

Commission,, any color may be defined in terras of the tri- 

stimalus values, "X", "!YM and "Z", which go to make up the 

color in question. The tristixroalus values are usually 

expressed as chromatieity coefficients, '"x", "y" and "z", 

which are the tristinulus values expressed as fractions of 

their total: i.e., x a ■■  .■fr.^-,. Prom these values and using 

a cteowatieity diagrais one can specify a color in terms of 

"dominant imvelength"* and ^purity". "Dominant wavelength" 

may be defined as the wavelength of the spectrum light 

that, when combined in suitable proportions with the 

achromatic light, yields a match with the light considered. 

"Dominant ©svelength" thus corresponds to whue" of the 

Elunsell notation and "purity55 to Mchromaw» The G.l.E. ^Y" 

value is taken as an indication of brightness and corre- 

lates with "value" of the S&msell notation. The theory of 

the psyehophysical approach to color specification is 

described in a text by Judd (14) and a publication by a 

Committee on Colorimetry of the Optical Society of America 

(26). 

At the present time there is raoch work in progress to 

devise instrumental measurejaents of these color factors 

which my toe used eventually as a basis for standards in 

the grading of food products* 



lewhall In 1929 described a technique of color match- 

ing known as disk colorimetry (22). Bj rotating specially 

cut colored disks BO  that portions of the disks overlapped, 

different shades were obtained hj  varying the fraction of 

each disk visible to the observer* Rotation of the disks 

produced a constant iapression of color and any object of 

a color intermediate between the two disks could be matched 

by making the required adjustments. When this method was 

first introduced, the color was expressed in terms of th© 

Munsell color solid, but now the C.I.E. notation can be 

used. This technique has been used t© specify the color of 

many agricultural products (24). In using this method the 

accuracy and precision is dependent to a large extent on 

the experience and sensitivity of the observer. 

Measurement of the spectral reflectance of peas, corn, 

carrots and tomatoes has been studied v/ith a view to speci- 

fying the color of the product (5,  p.l21j 20, p.398; 

29, p»350). The differences between reflectance curves are 

not very marked in most cases and the conversion of these 

data to the C.I.E. systeta is a tedious process. The actual 

measurement of the curve is also time consuming if a 

recording spectrophotometer is not available. 

Th© Introduction of two different photoelectric tri- 

stirmlus colorimeters, namely the Hunter Color and Color- 

Difference Meter (11, p.661; 12, p,1094; 13, p.289) and the 



Photo^olt Refl©ctionm©t©r Model 610, has increased th© 

later©st in instrumental specification of the color of food 

products* These two instrmaents operate on slightly dif- 

ferent principles but both utilize selective filters and 

specify the color in terms uhich are easily related to the 

C.I.E* notation. These instruments have been compared by 

several investigators and a high correlation has been 

observed between corresponding readings of th© two instru«- 

ments (6, p,21S; 17, p.265? 29, p»269; 30, p,121). 

The Hunter Color and Color-Difference Meter measures 

color in terms of '"M", "a" and "b". "Rd" specifies total 

reflectance or brightness while. "Rd% "a" and "b" together 

determine the chromatleity of the color. Another seal© 

measuring In terras of "L1*, "aj," and ^bjf*  is available | this 

scale being more sensitive than the "Rd" scale. Robinson 

has shown in tomato juice that the ratio a/b correlates 

with dominant wavelength and the funotion (a2* b2)^' repre- 

sents saturation or chrofflatieity (29, p.269)» In comparing 

Hunter meter readings t7lth visual scores various ratios of 

the "Rd", "a" .and ,fb" values have been used* Francis 

(6, p.213) used tan •'1,,a/b!' in aeasurements uith apples, 

and Tulth ketchup Buck (1, p.122) used the ratio 

'8(3b-15)/a". Other workers have used the "a/b" ratio or 

simply the "Rd", "a" and "b" values in both simple and 

BMitiple correlation* 
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Sfueh experimental work has been carried out, using 

these tifjo instruments in the evaluation of the color of 

food productso The larger part of this work has been con- 

cerned with th© measurement of the color of tomato juice or 

purse (7, p*395; 16, p. 1877? 18, p*40Q$ 28,, p.S14j 29, 

p,269j; 40^ p»265j 41, po.5965 42, p*S50)» In raost cases 

when the instrumental values XJQVB  compared xiith visual 

scores good correlations were observed* Robinson (28, 

p»314} observed that good correlations with visual scores 

were obtained providing the differences in th© chromaticity 

of the samples were not too large.- Friedman (7, p»395) has 

eoimented on the lack of standardization of the instrumen- 

tal evaluation of tomato color, manifested in differences 

observed by different observers using different instruments 

and tomatoes from different areas, particularly when com- 

pared on a standard basis. A  recent U. S* Dept. of Agrii- 

cultur® report compiled by Wilson and Pever (39) gives the 

results of the comparison of the Hunter and Agtron instru- 

ments with a visual estimate of tomato puree obtained with 

the Macbeth lunsell Disk Golorimeter. Good correlation was 

obtained with values of the two instruaients and visual 

scores of the raw juice correlated fairly well with the 

instrumental values* Buck (1, p.122) has successfully used 

the Hunter Color and Color-Difference Meter to correlate 

ketchup color with the color of the unprocessed tomato juice. 



The Hunter Instrument has also been used In the ©val- 

uation of the color of sauerkraut (27, p.46), apples (6, 

p.215), strawberries (SO, p.121), beans (32, p.HY), and 

citrus juices (10, p«.27.)» 

Another approach to the measurement of the color of 

foods Is to determin© the actual quantity of pigment 

present* Sondhelmer and Kertesz have described a method 

for determining the amount of anthoeyanin In strawberries 

(34, p#245). Davis has described an estimation of the 

color of tomatoes based on the moasureaent of the amount of 

Ijcopone present (2, p.1500)♦ These absolute values, how- 

ever, do not necessarily represent the true color observed, 

as other factors besides absolute concentration of pigment 

are important. For example, Robinson (29, p.269) observed 

that two tomato juices of the same lycopene content but of 

different insoluble solids content differed in color. 

Two other instruments, the Purdue Color Ratio Meter 

(3, p.209), and the Model F Agtron color meter (S3, p»92) 

deserve special mention in this review. The Agtron instru- 

ment has been designed especially for use with tomatoes and 

jaeasures the color of the flesh of halved tomatoes. It is 

not a tristimulus color meter, but depends on the fact that 

the spectral reflectance of tomatoes shows two uell defined 

plateaus at 400*520 mu and at 640-740 mu. The instrument 

is fitted with appropriate filters and measures the ratio 
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of red to blue rafleotance which indieatsss the color of the 

tomato,. Recently this instrument has been modified to 

measure a red to green ratio (389  p»102). It is a simply 

•operated instrument designed for routine plant use* and is 

finding use in the tomato processing industry (8, p.55? 

37, p*14K 

The Purdu© Color Ratio Meter works on a similar prin- 

ciple ,» measuring a red to yel^v reflectance ratio. The 

distinctive feature of this instrument is that it has been 

designed to asasur© the color of whole fruity and it also 

attempts to overcome the variation of a sample by moasurlng 

the color of a one inch band around the equator of the 

fruit» This is effected by the even spacing of a series of 

photoeell filter combinations around the fruit. The fruit 

Is illuminated by a circular fluorescent lamp. The instru- 

ment has been used \7ith apples and tomatoes (4, p.92). 

The greater part of the instrumental evaluation of 

COIOF has been concerned with tomato juice or tomato puree. 

lomato juice and tomato puree are fairly homogeneous pro- 

ducts and there would be little variation within a particu- 

lar sample. This is not the case with most agricultural 

products wherein an overall estimate of the color can be 

obtained only by taking a series of readings and calcu- 

lating th© arithmetic mean. In most cases the standard 

deviation of the readings is fairly large and th© 
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differences between samples is often exceeded by the varia- 

tion within a sample. In order to obtain s homogeneous 

sample of frozen strawberries Shah and Worthington blended 

the sampl© in a Waring Blender said deaerated it before 

taking readings on the Banter Color and Color-Difference 

Meter, (30* p.,121). This technique resulted in a homoge^ 

neous sample but destroyed^ to a large extent, the individ- 

ual characteristics of the sample*- 

Another approach was that of  th© Purdue Color Ratio 

Meter described above, This Instrument attempts to measure 

the color of a large portion of the surface of the object 

toy a series of filter photocell combinations, 

Francis (6S p.213), using the Photovolt Meter and the 

Hunter Color and Color-Difference Meter for measuring the 

skin color of appless obtained a composite reading by 

rotating the sample at approximately 200 r.p.m. above the 

aperture of the instrument.. Providing the sample was with- 

in 0.5 in. of the window of the Hunter instrument, slight 

variations in the distance from the window were not criti- 

cal * This was not the ease with the Photovolt instrument9 

with which it was necessary to keep the sample as close to 

the aperture of the instrument as possible* It was also 

necessary to exclude outside light when using the Photovolt 

instrument In this manner* but this precaution was not 

necessary with the Hunter instrument. Kethley ot al.. have 
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described a rotating disk sample holder for us© with the 

reflectance attachaent of a spectrophotometer (15* p.5). 

This attachment was used to obtain spectral reflectance 

measurements on beans. Speeds in excess of 150 r.p.m* gave 

steady readings on the instrument. Sidimll and Cain (31, 

p.666) have described another adaption of this rotating 

technique in the evaluation of strawberry color with the 

Hunter Instrument.• 
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MTERMLS m> W&SBGDS 

Raw Material 

The color a©asur©mantes were carried, out in conjunction 

with varietj ©valuation trials being eonfiuctod in tho-Pood 

Technology Department* A total of 26 raspberry selections 

and 22  strawberry ael©etions were^ used* The commercial 

strawberry varieties lorthwest and Marshalla &n&  the rasp- 

berry varieties Ganby, Washington,- Willamette, i£0wburgh. 

Early Red, lewberry and Wew York selection Ho#- 17861 war© 

also used in the experiment. These varieties and selec- 

tions of raspberries and strawberries gave a wide color 

range • 

Hunter color reading© were obtained for each selection 

and variety at several dates of harvest* With most rasp* 

berry varieties readings were obtained on four harvest 

dates. It was not possible to obtain a similar number of 

readings on all the strawberry varieties. 

The 1954 season was not a particularly good strawberry 

season due to cool weather and rain in the late spring and 

hence the quality of the strawberries was not of a partleu* 

larly high standard. However the prevailing cool condi- 

tions were favorable- for raspberries and these samples were 

of particularly high quality. 
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Color le&suremanta on Fresh Berries 

A 10 to 12 oz• sample of washed and trimmed berries 

from each harvest of the particular selection was used to 

obtain the color measurement, fhe Hunter aLn  scale was 

used for all color measurements on both raspberries and 

strawberries* The instrument was standardized against the 

National Bureau of Standards standard red porcelain tile 

having the following !!LW scale values?  "L", 27; n&L
n, 

48.8; and "bj^0, 16.4. Three different methods of present- 

ing the same sample to the instrument were used and were 

designated as: 

1. Spot reading. 

2. Reading from rotation. 

3« Reading from blending. 

1. Spot reading. The sample was presented to the instru- 

ment in a polyethylene container, 6 in. in diameter and 

1 1/4 in. deep. At 5 different positions on the sample a 

set of readings were taken. The mean and standard devia- 

tion of these 5 readings were calculated* 

2. Readings from Rotation. These readings were obtained 

using the spinning attachment described by Sidwell and Gain 

(31, p.666). The arrangement of the Eanter instrument with 

the spinning attachment is shown in Plate 1. The sample 

was rotated above the window of the instrument at a rate 

sufficient to give a steady galvanometer reading. A rate 
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Plate 1 

Hunter Color and Color-Difference Meter 
with Spinning Attachment 
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of 80 *■ 100 r.p.m* was adequate in most eases. The con- 

tainer was rotated "'off cont©rra to present to the instru- 

Ei©nt as largo an area of the sample as possible. Th© 

distance; between th© container and the instrument windot? 

was kept as small as possible and.was of the order of 

1/8 in* 

3» Readings from Blending;. The method described by Shah 

and ITortfaington was used (30, p»121).* The sample was 

blended for 30 sec. in a Waring Blendor and then deaerated 

for 15 fain, using a water aspirator. One set of readings 

was obtained from each sample. The sample was- presented to 

the instrument in th© polyethylene container. 

The berries v/ere washed and trimmed to remove any dirt 

or blemished berries. Both raspberries and strawberries 

were packed in 301 x 411 "F" enasielled cans. The straw- 

berries were sliced and packed as a 4 plus 1 dry sugar 

packo The raspberry pack consisted of 10 og. of berries 

and 6 oz. of 40$ syrup. All samples were vacuum sealed and 

frozen at -200F. The samples were stored at -50P. for one 

month before color measurements were mad© on the frozen 

berries. 
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Color Maasurements on Frozen Berries 

The same three methods of presenting the sample to the 

instrument were repeated with the frozen berries* The 

borries were thawed for several hours before the color 

measureaents mre made. With the rotated reading it was 

necessarj to use lower rates of rotation than with the 

fresh berries, due to the increased amount of liquid in the 

sample* This applied particularly with frozen raspberries. 

The strawberries presented a fairly homogeneous sample and 

gave a steady instrument reading at low rates of rotation. 

In some cases with the raspberries one had to compromise 

between obtaining an absolutely steady galvanometer read- 

ing and spinning the sample at a rate which did not result 

in any major centrifugal effect on the sample. 

The blended sample was prepared from the whole samplej 

berries and syrup. 

Subjective Evaluation of Color 

It was not possible to grade the same cans of samples 

which were used for color measurements. One sample of the 

frozen berries from each harvest date on which color meas- 

urements were obtained was graded for color by a profes- 

sional A.M.S. grader* The samples were graded for color on 

the basis of the grades set up by the U. S. Dept. of Agri- 

culture, Production and Marketing Administration (35, 
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p«4004; 36, p.1507). A  color score of from 34 - 40 Is 

U. S. grade A; 28 - 33 U. S. grade B; and less than 28, 

tJ* S. grade D or substandard. In presenting the samples to 

the grader a system of coding was used in order to ©lisii- 

nat© any personal bias of the gradar. 
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HESDLTS AID DISCUSSION 

Each spot reading measures the color of an area of 

the sample of approximateIj  3.5 sq. in. The total area of 

the has© of the polyethylene container is of the order of 

28 sq* im, hence five spot readings cover approximately 

60^ of the area of the sample which could be presented to 

the instrument* Th© mean of the five spot readings is 

therefore a fairly reliable estimate of the overall color 

of the sample, providing the variation in the sample is not 

too great. In this experiment it tras assumed that the mean 

of th© spot readings ms a reliable estimate of the color 

of th© sample| therefore th© values obtained from the two 

other methods of sample presentation were compared to the 

spot mean. 

In using spot readings to determine the color of a 

sample, one takes five separate sets of readings at differm- 

ent positions on the sample and then calculates the mean of 

these values. The disadvantages of this method are the 

amount of time taken to obtain the readings and the calcu- 

lation necessary to obtain tfoe mean value. Also there is 

often considerable variation between the spot readings of 

one particular sample. The standard deviations of the five 

spot readings were calculated for each set of readings. 
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The mean values of thes© standard deviations are tabulated 

In Table !• 

. Table 1 

MMW STAHMRD EBVIAMOH OP SPOT REABIHGS FOR 
FRESH AID FROZEH RASPBERRIES AM) STRAWBERRIES 

Mean Standard Deviation 
Stratiberrios        Raspberries 

Hunter value        L   a^   b^        L   a^   bi, 

Fresh 2.24 2.09 1*62 1*12    1.71 0.67 

Frozen 1,15 1.45 0.69      1.46 1.94 0.68 

In samples of freshj, sliced strawberries the variation 

within a sample, as indicated by the mean standard devia- 

tion, is considerable. This Is due to the fact that some 

berries have light centers which give rise to this varia- 

tion* The frozen berries show considerably less variation 

due to the fact that the pigment becomes more evenly 

dispersed throughout the berry and the heavy syrup which is 

formed. 

The color of the fresh raspberry samples uas more 

homogeneous than the color of fresh sliced strawberries. 

The mean standard deviation of readings obtained from fresh 

raspberries was of the same order as that obtained from 

frozen strawberries. However, the readings from frozen 

raspberries showed an increase in mean standard deviation. 

This was du© in some respects to the larger amount of syrup 
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presentj the sample not being as compact as with fresh 

raspborrles. Also it was observed that in some samples 

the raspberries tended to float in the syrup while in 

others the berries tended to sink, The effect of this 

factor on the variation in the reading© could not be read- 

ily assessed. 

The effect of variation of the rate of rotation on tho 

Hunter values for a sample of fresh raspberries is shown in 

Table 2. The most raarked effect is in the change in the 

Table 2 

VARIATION IN HUHTER VALUES WITH 
CHANGE II RATE OF RQTATIOU 

Rato r.p.fio 

140 

112 

83 

va 

Spot Mean 

Hunter Values 

L aL bL 

15*1 17.3 5.8 

14.9 17.6 5.9 

14.3 17.8 5.6 

14.0 17.3 5.4 

14.7 17.4 5.6 

Hunter "L" value. An increase in rate of rotation resulted 

in an increase in the ®hn  value. The change in Hunter nLn 

as tha rate is increased from 83 r.p.m. to 112 r.p.m. is 
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fairly small and any variation within this range would not 

result in a,large deviation from the spot mean in this 

particular case. Th®  rate of rotation appears to have only 

© small effect on the Hunter "aj/'.and "b^" values*. 

To obtain some indication of the rat© of rotation 

needed £op  a steady galvanometer reading, several samples 

of frosh raspberries were rotated at a rate sufficient to 

give a steady galvanometer reading for the Hunter "L", "a^" 

and "bj," values. That the variation in a sample affects 

the rat© necessary for a steady galvanometer reading can be 

seen from Table S. The rate necessary for steady galvanom- 

Table 3 

HATE. OP HOTATIOl HECESSARY FOR STEADY 
GALVAIOMBTER BSADIIG 

Rate needed r.p.sjo 
Standard Deviation 
of Spot Readings 

Hunter values L aL  bL h          aL   bL 

Sample 1 66 98  75 0.96 1.47 0*38 

2 93 122 115 1.24 3.08 0.87 

3 75 140  75 0.98 1.97 0*61 

©ter reading and the standard deviation of th© correspond- 

ing spot means are tabulated. The opfcimm rate of rotation 

also varies between the Hunter values for approximately the 

same standard deviation. 
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It can b© seen that a rotation rate of from 80 to 100 

r»p°Bu mrald b© sufficient to give a steadj galvanometer 

reading in most- cases. If one takes into consideration the 

mean standard deviations quoted in Table 1 it can- be seen 

that except for fresh sliced strawberries which ar© quit© 

variable the rotation rate of 80 - 100 r.*p«m. would b© 

adequate* 

It was. not attempted to maintain a constant rate of 

rotation throughout the whole experiment. The rate was 

adjusted to give a fairly steady galvanometer reading and 

thi$ rate was within the range of 80 - 100 r.p.ra* ¥aria- 

tions In the rate of rotation within these limits would 

give rise to only a small error. 

Comparison with Spot Means. The type of relationship 

obtained between the readings from rotation and the iaean of 

the spot readings are shown in Figures 1 and 2. The means 

of 47 readings for strawberries and 106 readings for rasp- 

berries are given in Table 4 for both spot means and values 

from rotation. 

The agreement between the two sets of readings is 

particularly close, especially when one takes into consid- 

eration the magnitude of the variation obtained between 

spot readings within a sample. The correlation coefficient 

and regression lines for the color values obtained by 

rotation of the sample and the corresponding spot means are 
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^abl© 4 

mm  ?AL¥ES OP REABIHGS PROM ROTATION AMD SPOT SOEMS 
FOB FRESH AMD PROZEI RASPBERRIES AID STRAllfBERRIBS 

Spot 

bL 

Rotated 

Hunter values         L L aL \ 

Strawberries Fresh   25.2 28*3 13.3 , 24.3 28.5 : 13,3 

Frozen   16.9 20.1 7.9 16.5 20.6 8.0 

Raspberries  Fresh    16.7 21.1 7.0 16.5 21,0 7.0 

Frozen   15.1 18.4 6.3. 14.5 18.7 6.2 

given in the Appendix Table 1* Highly significant correla- 

tions were obtained and th© standard error of the regres- 

sion was of the order of 0.4 to,1.4, which would represent 

approximately a 5$ error. 

There was a tendency in the readings from rotation for 

the Hunter S8X.M value to be consistently loiter than that of 

the corresponding spot mean. If the rotated readings and 

the mean spot readings are equivalent, and the differences 

between these sets of readings due only to experimental 

error, one i^ould expect these differences to be normally 

distributed about zero. In most cases with the MaT" and 

"bj/1 values this was approximately so, but Figure 3 shows 

that the distribution of the differences between the spot 

means and values from rotation for the Hunter "L" values 

is displaced, indicating a tendency for the spot mean to be 

higher than the value from rotation. This effect was most 
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22T 
Spot   Mean Value and  Reoding   from   Rotation - L Value  for   Froien Strowberries 
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FIgtire 2 

Spot   Mean    Value   and Reoding from  Rotation - b.     Value for Fresh  Raspberries 

spot   mean = 0 17 *   0 97 rotated reading 
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Spot   Mean to 
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Figure 3 

Frequency    Distribution   of  the   Differences     between     Spot    Mean  Volues 

and    Readings    from    Rotation   —  "\1      Values 

Frozen  Strawberries 

47 Samples 

-0-5        0     05      10      1-5     20 

Spot Mean minus Reading from Rotation 

Frozen    Raspberries 

104    Samples 

-05      0      0-5      10      1-5     20 

Spot Mean minus Reading from Rototion 
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marked in the comparison between corresponding "L" values 

of the frozen raspberries. As "a^" and "b^" are related 

to nttn  it is unusual that a corresponding change is not 

produced in these values. 

This effect could be due to the rate of rotation. 

Frozen raspberries contained a considerable amount of 

liquid and consequently the rate of rotation had to be kept 

lov; enough to prevent any centrifugal effects. Table 2 

indicates that a IOVJ rate of rotation will result in a low 

value for the Hunter f,L,s in comparison to the spot mean 

value tsffaile the "a^85 and "b^* values are not affected to 

any great extent. 

In comparison with the tt?o methods already described 

the blending technique is much more ticse consuialng. The 

five spot readings may be obtained in 5 minutes while the 

reading from rotation may be obtained in 2 minutes, but at 

least 15 minutes are required to obtain the reading from 

blending because of the time needed to deaerate the sample* 

This technique was designed to obtain a homogeneous sample 

but with raspberries it was found necessary to make sure 

that the sample was well stirred; otherwise the seeds 

tended to settle to the bottom. 
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Compariaon with Spot Meaaa; The blending of a sample 

results in a homogeheous sample but in doing so destroys; 

to a large extent, the individual characteristics of the 

sample*. Table 5* in which the means of the values from 

blending and corresponding spot means are tabulated* illus- 

trates this effect• 

fable 5 

USEAN VALUES OF READINGS FROM  BLE1BIIG AND SPOT MEMS 
FOR .FRESH AID FROZEI RASPBERRIES AMD STRAWBERRIES 

L 

Spot 

aL bL 

B lended 

aL Hunter values L bL 

Strawberries Fresh 25.2 28. 3 13.3 21.5 24.2 10.4 

Frozen 16.9 20.1 7.9 18.9 20,0 8.7 

Raspberries  Fresh 16.7 21.1 7.0 19.6 24.8 8.9 

Frozen 15.1 18.1 6.3 19.0 20.8 8.4 

Within the limitations of the Hunter instrument the 

spot mean values provide a fairly accurate estimate of the 

color of the sample as the observer sees it. From Table 5 

it can be seen that the Hunter values from blending for 

fresh strawberries are considerably lower than the corre- 

sponding spot mean values. However, with frozen straw- 

berries there was little difference in the "a^* value but 

the WLU  and !lbL" values from blending were higher than the 

mean spot values. With raspberries a different effect was 
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obtained. For both the fresh and frozen samples th© values 

from blending were higher than those of the corresponding 

spot means. This indicated that the blending proeedur©* 

although giving an homogeneous sample, also eliminated some 

of th© differences which iaay be present between different 

samples * fhe inconsistent relation to the spot readings 

was also an indication of the fact that this technique of 

sample presentation does not give a true indication of the 

color of the sample. 

Th© correlation coefficients, regressions and stand- 

ard error for the values from blending and th© correspond- 

ing spot mean values are listed in Appendix fable 2» It 

was interesting to not© that the correlation coefficients 

of the readings from rotation were higher than those with 

the readings from blending in all cases. 

RQlatlonshlp between the Color of Fresh and Frozen Berries 

The results obtained in this experiment afforded an 

opportunity for comparing the color of the fresh and the 

processed berries. A high correlation between the color of 

the fresh and that of the frozen berry would enable accu- 

rate prediction of the color of the processed product from 

a color measuremant on the fresh fruit. This type of 

relation would be of great value to th© industry* 
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TM  Hunter nl*n# "a^" and ",bL
n values specify the color 

of a particular sample, but the ML" value is the only 

absolute value of the three* Both the "a^"1 and .'"b^" ar# 

dependent to a certain extent on the ,8Le' value* fhe "L" 

value is a direct measure of total reflectance and is 

related to the C*I*E. tristimulus value, !,Y% by the 

oquatlon: 

Y = I?/10,000 ■ 

lence differences in the Hunter nLn  value may be regarded 

as real differences, but it is not possible to attach any 

significance to changes in ^jj"  and ^b^" values unless 

these values are converted to the G»I»E. or Munsell sys- 

tems* The changes observed in ^aj/' and nbj^u  could be due 

to a change in the "l»" value and not to a change in chro- 

ma ticity• 

In this ©xperiaent the Hrniter values were converted to 

the G«.IJ>E. system and ©^pressed in M$3f% "dominant wave- 

length"' and "^ purity"* Uunter "a^" and "b^" values are 

related to the tristimulus values by the equationss 

aL  s 175(1 n02K - ¥)/^r 

hL  = 70 (Y - 0*847Z}//Y 

The Hunter values listed in Tables 4 and 5 were converted 

to the 0*1.E* system and are so listed in Table 6* The 

tendency for the values obtained frora blending to minimize 

the differences between samples is quite marked.. 
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Table 6 

COLOR OF FRESH AW  FROZEN RASPBERRY AMD STRAWBERRY 
SAMPLES EXPRESSED IN G.I.E. NOTATION 

Dominant Wavo 
Length mp. %  Purity 

Strawberries 

Spot   fresh 6.35 604 73 

frozen 2.86 610 66 

Rotated fresh 5.90 604 76 

frozen 2.72 610 68 

Blended fresh 4.62 607 67 

frozen 3.57 

Raspberries 

606 64 

Spot   fresh 2.79 616 60 

frozen 2.28 614 60 

Rotated fresh 2.72 616 60 

frozen 2.10 616 61 

Blended fresh 3.84 613 64 

frozen 3.61 609 62 

In the processing of strawberries by freezing the most 

obvious color change is a reduction in brightness. There 

is also a change in the dominant wavelength and a decrease 

in purity or saturation. The C.I.E. values derived from 

the spot means and the readings from rotation agree fairly 

we2L Raspberries do not change to the same extent as 

strawberries on freezing. The color of the frozen berries 
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is darker than that of the fresh berries, but th© change is 

small compared to that observed with frozen strawberries, 

Th© regressions, standard error of regression and 

correlation coefficients for the Hunter values of fresh and 

frozen raspberries and strawberries are tabulated in 

Appendix Table 3., for the three methods of sample presen- 

tation. Significant correlations were obtained Indicating 

a relation between the color of th© fresh and frozen 

berries. The standard error of the regression is largo 

and only an approximate evaluation of the color of the 

frozen product could be obtained from the color measurement 

on the fresh product. 

For an instrumental color measurement to be used for 

specifying color grades, it must first be compared to the 

present subjective method of evaluating the grade. The 

original intention was to compare the three methods of 

sample presentation to the A.M.S. color scores and deter- 

mine if any of the methods would correlate to a more 

significant level. 

It was found, however, that with this range of rasp- 

berry and strawberry samples no regression line could bo 

obtained with any of the methods of sample presentation 

which could be used to predict the grade of the particular 
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sarapl©* Bobinson (28, p.314) with tomatoes commented that 

good correlations with subjective color evaluations vyere , 

obtained providing the colors did not cover too large a 

chromatieity range. Both the raspberry and strawberry 

samples used in this experiment covered a particularly wide 

color range, and this fact may explain why significant 

correlations were not obtained. 

With this large color range in both the raspberries 

and strawberries it was found that a straight line rela<- 

tionshipa for instance, between total reflectance and 

A.M.S. color scores would not be a true representation of 

the situation. A straight line relationship may hold for 

a certain range but does not give the overall picture. 

This point may be best illustrated by quoting examples of 

color scores and the Instrumental values obtained. With 

strawberries there was a tendency to rate samples higher 

with a higher "L" value, while the opposite tendency was 

observed with raspberries* In Table 7 the Aol.S. color 

Table 7 

A.M.S. COLOR SCORES AMD HTOTER nLw VALUES 
Strawberries ""       "^Raspberrles^^^"^ 

Hunter L  A.M.S. Grade  Hunter L  A.M.S. Grade 

Sample 1 17.5 35 14.0 38 

2 16*2 33 15.5 34 

3 15.4 30 19.8 28 

4 20.5 28 13.0 27 
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seores and Hunter WL'5 values of several samples of rasp- 

berries and strawberrias are tabulated. In each case the 

first three samples give an indication of the general 

trend observed* If a straight line relationship were 

obtained nhich fitted the trend indicated by the first 

three samples one would expect -sample lo. 4 to rate high 

in both cases* The fact that both these samples were rated 

low indicates that some critical value is attained after 

which the rating falls off rapidly with an increase or 

decrease in Hunter "L" value as the case may be. Hence a 

straight line relationship between Hunter ttV  value and 

A.M.S. color seores is not a true indication of the over- 

all situation. 

It would appear that in A.M.S. grading for color It is 

difficult to eliminate the effect of factors of appearance 

other than color. It seemed sl^alfleant, for example, that 

the raspberry samples which received the highest grades for 

color were particularly free from broken berries. Provid- 

ing a raspberry sample has a reasonably characteristic 

color, it may be that the general appearance of the sample 

will determine whether the sample will score high or low A 

grade. It can be seen that with complications of this 

nature it would be difficult to obtain a straight line 

relationship between A.M.S. color score and an instrumen- 

tal measure of the color* 
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To obtain some information on the color factors which 

influence the A.EI.S. color grade, the spot mean values for 

frozen raspberries and strawberries were converted to 

C.I.E. system and compared with A.M.S. scores. The results 

are tabulated in Appendix Tables 4 and 5. One can obtain 

from these values some general trends in the color require*- 

ments for A.M«S:» grades. 

With strawberries,as Indicated before, a higher nYn 

value corresponding to a higher Hunter nhn  value is 

generally consistent with a higher score up to a certain 

level (fable ?). Higher percentage purity also seemed to 

be associated with higher A.l.S. color scores. The rang© 

of dominant wavelength for the strawberry samples was from 

600 to 618 iapu with the samples in the rang© of 606 to 600 

wp.,  reeeiving higher grades, depending on the "jfy" and/or 

$ purity of the particular sample, 

Vlth. raspberries a lower "Y" value corresponded to 

higher scores for color. This was the most marked effect 

although there was some indication that a lower $ purity is 

also associated x'Jith higher A.M.S. scores for color. The 

doiainant wavelength of the samples ranged from 606 to 624 

mp. with most samples in the range of 612 to 618 aji. 

Mackinney and Chichester (19, p.307) have commented on 

the interrelation of purity and brightness in which the 

eye will accept as equivalent, specimens with different 
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purities provided the brightness is suitably adjusted* 

This effect is clearly demonstrated in this experiment. 

Samples of higher "^f" and low purity were scored equal to 

samples of lower l,$3rn' and higher purity* The dominant 

wavelength or hue does not appear to be particularly criti- 

calj unless markedly displaced from the average values. 

In view of this brightness and purity relationship it 

would b© difficult to obtain a mathematical relationship 

between either of these attributes and A.M.S.. color scores * 

particularly over a wide chromatlcity range. If one 

restricted the samples to a smaller chromatlcity range it 

is possible that some working relationship may be obtained. 

This might b© achieved by restricting samples to one 

variety, for large chromatlcity differences were Observed 

between different varieties. 

In an experiment using a tmch larger number of samples 

it may be possible to obtain a more general relationship in 

which a certain Instrumental color range corresponds to an 

A.M.S* grade. The limits for these ranges would have to be 

arbitrarily defined in comparison with regular A.M.S. 

grades. 
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SUMMARY AID COICLUSIOIS 

In this study three methods of sample presentation 

vjere used in measuring the color of fresh and frozen rasp- 

berries and strawberries* Measurements were made on 47 

strawberry samples and 106 raspberry samples* The instru- 

mental color measurements obtained were converted to the 

C.I.E« system, and these values compared to A.M.S. color 

scores* The results obtained also afforded an opportunity 

to compare the color of fresh and frozen samples of the 

berries• 

Conclusions Regarding Methods of Sample Presentation 

1. The mean of the five spot readings represented a 

reliable estimate of the color of the sample under the 

conditions of this experiment. 

2. A high correlation was observed between the spot 

mean values and readings from rotation. 

3. in rotating the sample, it was found that the rate 

of rotation necessary to obtain a steady instrument reading 

was dependent on the variability of the sample and the 

Hunter value in question. 

4. The rate of rotation affected the instrument read- 

ings to some extent. The least deviation from the spot 

mean values was obtained with a rate of rotation of 80 to 

100 r.p.m. 
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S* There was soae tendency for the Hunter ,,.LW values 

obtained from rotation to be lower than those of tha 

corresponding spot mean values* ' 

&4    Readings obtained from the blended samples were 

quite distinct from the corresponding spot mean values* 

7* The differences observed between the color of the 

fresh and the frozen samples were greatly reduced by 

blending♦ 

8. The values obtained from blending correlated 

significantly with the spot mean values. 

Conclusions Regarding the Relationship between the Color 
o^ffge&Sand yrozen Berries       >=»——— 

1* In comparison with fresh strawberries, frozen 

strawberries showed a marked reduction in brightness as 

well as a decrease in purity and the dominant wavelength* 

2. The color of frozen raspberries showed only a 

small reduction in brightness and little change in domi- 

nant wavelength or purity when compared to the fresh pro- 

duct. 

5. Significant correlations were obtained between the 

Hunter values of the fresh and frozen berries. However, 

the standard error of the regression was such.that the 

color measurement of the fresh berries would give only an 

approximate prediction of the color of the processed 

product. 
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1* With both ©trawberri©s and raspberries it was 

found that tha color score increased fairly regularly with 

the appropriate change in brightness up to a certain point* 

Any further change in brightness resulted In a rapid 

decline in the A.M.S. color score. 

2, Frozen strawberries with a higher $Y were pre- 

ferred .up to a point. Higher purity values also seemed to 

b© associated with higher A.M.S. color scores* 

3. Darker raspberry samples were scored higher than 

lighter samples- providing th® samples wore not too dark.. 

Low purity also seeraed to be consistent with higher color 

scores of raspberries. 

4* In some cases samples of low brightness and high 

purity were rated equal to samples of a higher brightness 

and lower purity. This effect illustrates the tendency for 

the eye to confuse brightness and purity. 

5. The dominant wavelength of both raspberries and 

strawberries did not appear to be a critical factor. Pro- 

viding the dominant wavelength fell in the average range 

the color score seemed to be associated more with bright- 

ness and purity. 

6. With frozen raspberries the general appearance of 

the sample affected subjective color evaluation. 
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?« Mo significant overall correlations could be 

obtained between A.M.S* color scores and C.I*E. color fac- 

tors* .The  effects described in conclusions 1*  4 and 6 

resulted in considerable errors in mathematical relation- 

ships between instrumental and subjective evaluation of 

color. 
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Table 1 

4© 

HELATIOIS BETWEEI REABIIGS FEOl 
ROTATION AKD SPOT MEM  VALUES 

Hunter 
¥alue Ee igresslon Equation      &yK 

Strawbex4xji9s 

r I • Hm i@e i  i Of 3 C 

I^VbA oV\ 

L Y s 1. .48 + 0, .97X 1.42 0, .86 47 19. .3 +, 31, .2 
aL T s 1. ,07 + 0. ,96X 1.33 0. .78 47 25. .0 _ 32. .0 
"L Y s -1, .19 + 1. .09X 0.92 o. .88 47 10. .0 - 16. ,8 

^ozen 
L ¥ a -0. .55 + 1, .06X 0,59 0, .96 47 12, .4 - 22, .6 
aL Y s 2, .32 + 0, .sex 0.85 0, .88 47 16, .0 - 24, .3 
"i Y B 0, .07 •»• 0. .98X 0.45 0. .94 47 5, .2 - 12, .4 

Raspberries 
Fresh 

L Y S s. .70 + 0, .79X 1.03 0, .75 105 14, .0 — 20, .7 

5L Y S 1, ,24 + 0. .95X 1.04 0 .90 105 15, .7 .<*' 26, .6 
Y * 0, .17 + 0, .91X 0.46 0 .91 105 4, .7 - 10 .0 

Frozen 
L Y £ 2, .29 + 0, .89X 0.62 0, .89 105 10, .4 - 18, .4 
aL Y s 2, ,32 + 0, .86X 0.98 0. .88 105 12, .2 - 22. .6 
^L Y ""■ 0 .78 +■ 0, .90X 0.35 0- .92 105 3, .1 «■ 8, .4 

Y = Spot Mean Value 
X s Reading from Rotation 



Tabl© 2 

REIAKONS BETWEEH 1SADII6S FROM 
BLBUDZHG AID SPO^ mm VALTJES 

47 

Hunter 
Value Regression Equation syx a? 1 Rang© i'   i 3f   X 

Strav^berrles 
Fresh 

L Y ~ o;02 ■♦• 1.13X l.'SO 0.77 47 18*5 «* 28.2 
aL X s 9^06 + O;80X 1.64 0.63 47 2o;9 •«• 28 ;o 
H X s 0.02 + 1.28X 1*25 0.76 47 7.8 - 13.4 

Frozen 
L X = -2«10 + 1.00X 1.05 0.86 46 14.9 - 24.1 
aL X s 7.11 + 0.65X 1.26 0.70 46 15.9 - 23.3 

X e -0.82 + 1*00X 0.63 0.87 46 6.0 mm 12.0 

Raspberriea 
Fresh 

L X s 3.58 ■*• 0.67X 1.08 0.72 106 16.3 m. 23.8 
X — 0.79 ■♦■ 0.82X 1.55 0.76 106 19.8 - 30.2 
X = -0.22 + 0.80X 0.59 0.85 106 6.4 - 12.1 

Frozen 
L X s -0.53 + 0.82X 0.77 0.84 53 16.2 - 23.9 

X s 2.64 ■+■ 0.74X 1.36 0.68 53 17.8 =. 24.6 
X = 

>t lee 

-0.25 + 0,78X 0.50 0.83 53 6.7 
— 

11.4 

X * Spc m Value 
X a Reading from Blending (i 
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Sable 3 

] RELATIONS BEOTEEN HOTTER REM)IiGS 
ON FRESH AID PROZEW BSRRZBS 

Huntox* Values Re gr©salon Equation ^yx r H 

Strawberries 

Spot L 
Y 
Y 

B 

D- 

£3 

4.78 + 0.48X 
5.99  +■ 0.:57X 
2.34 + 0.42X 

i.^e 
1.26 
0%99 

0.68 
0.69 
0.62 

47 
47 
47 

RotatIon L 
aL 
bL 

Y 
Y 
Y S 

4.27 + 0.50X 
7.54 + 0.46X 
1.55 + 0.49X 

1.29 
1.59 
0.96 

0.69 
0.48 
0.63 

47 
47 
47 

Blended L 

bL 

Y 
Y 
Y 

s 
2.82 + 0.75X 
0.88 + 0.79X 
0.35 + 0.81X 

Raspberries 

0.88 
0.68 
0.63 

0.86 
0.49 
0.83 

46 
46 
46 

Spot L 

bL 

Y 
Y 
Y 

8 

s 

6.06 •»- 0.54X 
6,57 + 0.56X 
3.09 + 0*46X 

1.08 
1.58 
0.73 

0.70 
0.65 
0.58 

106 
106 
106 

Rotation L 

bL 

Y 
Y 
Y 

5.66 ■*- 0.54X 
8*65 •*■ 0.48X 
3.02  * 0.45X 

1.14 
1.80 
0.79 

0.54 
0.52 
0.50 

106 
106 
106 

Blended L 

bL 

Y 
Y 
Y 

c 

8 

5.56 + 0.69X 
9.19 * 0.47X 
2.65 + 0.65X 

1.00 
1.25 
0.56 

0.74 
0.64 
0.80 

53 
53 
53 

Y * Hunter Value of Frozen Berries 
X * Hunter Value of Fresh Berries 
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Table 4 

A.M.S. COLOR SCORES AND C.X.E. COLOR FACTORS FOR 
FROZEH STRAWBERRIES 

Dominant Wavelength 
,S. Color Score JSSf ap. 

24 5i95 600 

27 2*31 612 
1*93 615 
2.40 608 

28 2v79 609 
2.02 616 
2.89 608 
4,33 605 
4.37 604 
1.69 618 
4.20 607 

29 2.37 611 
2.46 612 
2.99 609 
3.03 611 
2.13 613 

30 2.13 615 
2.37 612 
2.69 812 
2.92 609 

32 2.62 612 
2.79 611 
2.25 612 
2.89 608 
2.16 615 

33 2.76 609 
3.42 608 
2.99 610 
3.20 610 

34 3.10 606 
2.86 611 
2.72 614 
3.57 606 
2*92 610 
3.06 606 

% Purity 

72 

59 
62 
63 

69 
60 
57 
64 
70 
66 
61 

63 
61 
63 
69 
65 

62 
64 
65 
70 

71 
68 
64 
69 
66 

66 
61 
69 
67 

69 
65 
64 
65 
64 
68 
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A.M.S. Color" Score $sr 
Dominant Wavelength 

mp.. %  Purity 

2.56 
2.16 
3.06 
3.42 

611 
615 
611 
607 

74 
60 
69 
68 

35 3.50 
2.62 
3.24 
3.06 
2.62 

607 
608 
608 
611 
610 

69 
65 
69 
70 
65 

36 2.66 
2.72 

610 
610 

64 
69 

37 2.99 612 66 
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Tal Die 5 

•A.M.S. COLOR SCORES AW C.I.23. Gomn FACTORS FOR 
FRQZEE  RASPBERRIES , 

Dominant Wavelength 
AoM.S. ColOf > Score   fk Up. %  Purity 

27 1*69 624 58 
1,44 617 48 

28 2,86 612 65 
3.92 606 65 
2.72 615 62 
3. .17 610 64 
2.56 614 62 

29 2.46 613 53 

30 2.13 618 60 
2.56 613 65 
3.46 609 62 

31 2.56 614 59 
2.72 614 62 

32 2.22 614 59 
2.59 616 59 
2.34 618 54 
3*13 609 59 
2*54 617 60 
2.46 615 67 

33 1.96 614 70 
2.34 615 52 
2.62 617 58 
2.66 612 61 
2.25 614 65 
2.46 614 60 
2.10 617 53 
1,66 616 53 
2.69 613 64 
2.86 613 67 

34 2*07 619 65 
2.34 615 55 
2.40 616 59 
1.90 618 55 
1.93 622 53 
2.69 617 61 
2.99 611 55 
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Table S (continued) 

Dominant Wav©length 
A,M.S, Color Score   f§£ sap. %  Puritj 

39 2.10 616 S7 
1»88 617 §2 


