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COLOR CHANGES IN BERRIES DURING 
PROCESSING AND STORAGE 

INTRODUCTION 

The color of a food product is of prime importance 

because of its effect upon consumer preference and be- 

cause of the fact that color is associated in many cases 

with the quality of the food. The color has an effect 

on consumer preference even when it does not reflect 

other desirable qualities. In many cases the color can 

be used as a quality index; i.e., it is an index of matu- 

rity in fruits and vegetables and freshness in meat. 

The color is equally important In canned fruits and 

vegetables, as it is in the fresh products. There are 

two sources of color change in preserved fruits: the 

heat processing itself, and the storage of the product 

to the time of consumption. The coloring materials suf- 

fer a degradation during the heat processing where a rela- 

tively significant portion of anthocyanins is destroyed 

and brown material is created. The degree of this loss 

depends upon the temperature of the treatment, the dura- 

tion of the process, the presence of traces of copper or 
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iron ions and, perhaps, other chemical components of 

the fruit. 

Metal ions increase the rate. of. anthocyanin 

degradation. On the contrary some other substances 

such as lyophilic colloids have a protective effect 

upon the anthocyanin pigments. 

The second source of pigment loss is the change 

which takes place during the storage of the product. 

The rate of this destruction depends upon the tempera* 

ture of the storage, the lower the temperature the less 

the loss of the pigment. At low storage temperatures 

the loss is negligible. 

The main pigments of the berries belong to the group 

of natural pigments known as anthocyanins. Strawberry, 

raspberry, blueberry and blackberry do not have the same 

anthocyanin as the major pigment. A great deal of 

research has been carried on to determine causes for, 

and to develop methods of preventing changes of color in 

fruits. Some of these studies have been made in model 

systems and some in actual systems at various tempera- 

tures. The object of this study was to evaluate color 

changes in strawberries, raspberries, blueberries and 
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blackberries during the storage at 100° F. in glass 

and tin containers* 



LITERATURE REVIEW 

A.  Strawberry 

(1) nature of the Pigcaeota 

Pelargonidin-3»Gaonogiuco8ide is the main pigment of 

the strawberry (61, p 648; 63, p 3476; 54, p 1650-1664). 

Besides this pigenent, cyanidin-3-glucosicie, kaeppferol 

and quercetin have been identified in this fruit (40, 

p 790). The strawberry is a comparatively poor source 

of anthocyanin, containing only 300*400 tug per kg of 

berries (63, p 3476). 

The peiargonidin*3*giucoside has been identified 

in strawberries by Robinson and Robinson (54, p 1663). 

Robinson found pelargonidin<»3*galactoside in wild straw* 

berries (Fragazia vesca). Sondheister and Kevte&z  (62, 

p 245*248) developed a method for the isolation and 

purification of crystalline anthocyanin from cultivated 

strawberry varieties (63, p 3476), 

The red pigment of strawberry and strawberry prod* 

ucts is unstable in heating and storage and many factors 

can affect the rate at which this pigment degrades (37, 



p 180; 29t  p 106). These factors are: 

(a) Cooking time and temperature. 

(b) Storage time and temperature. 

(c) Nature of sugar in the preserves. 

(d) Concentration and nature of carboxylic acids. 

(e) Presence of ascorbic acid. 

(f) Nature of headspace gas* 

The pigment determination constitutes an inadequate 

measure of actual color change, since other factors, 

such as the formation of brown pigments and osetal induced 

discoloration, take place concurrently with storage losses 

in anthocyanin pigpnent. 

(2) Method of Pigment Determination 

The amount of red anthocyanin pigment in strawberry 

products can be quantitatively determined by the taethod 

developed by Sondheisaer and Kertess (62, p 245). This 

method consists in the cseasuring of the light absorption 

in extracts made therefrom at 500 mi  at pH 3.40 and 2.00. 

The measurement consists of subtracting the absorption 

at 500 r.iu of an anthocyanin solution at pH 3.4 from its 
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absorption at pH 2.00. the increase in color intensity 

is proportional to the concentration of anthocyanin in 

the solution (62, p 246). The pH of the medium strongly 

affects the light absorption of anthocyanin (55, p 7). 

The predominant effect of increasing hydrogen ion acti- 

vity on the spectral properties of p@largoindin->3* 

monoglucoside is an increase in the intensity of absorp- 

tion in the visible region (60, p 1507). 

Anthocyanins are amphoteric substances which form 

oxoniuift salts with mineral and organic acids. (27, p 562). 

It is highly probable that in neutral or nearly neutral 

solutions the pigment exists in the free state and upon 

acidification the equilibrium between the color base and 

the oKonium salt is shifted, resulting in a molecule of 

higher resonance and therefore, exhibit greater light 

absorption (60, p 1507; 5, p 358). 

The hydrolysis reaction may be shown as: 

E + * BOH  »    ROH + H3O ♦ 

The pK is calculated as : (70, p 116); 

pK ■ log  R* 4- pH 
ROH 

For the pH range in v.hich the E* concentration 
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varies between 93.4 and 10.© percent, the pK is constant 

within the experimental error and equal to 2.98 at 

25° C. (60, p 1507). 

(3) Degradation of the Pigment 

As for the effect of cooking time and temperature, 

Decereau et al. (12, p 126) obtained an excellent cor- 

relation between thermal treatment, expressed as "tempera- 

ture sunraation'5 i.e., degrees Fahrenheit above a base 

temperature multiplied by minutes at each temperature 

and pigment loss or brightness of the product. The pig- 

ment loss or reduction in brightness varies with process- 

ing temperatures as well as with the temperature summa- 

tion. Assuming that heating is necessary to prevent 

only microbiological spoilage in a strawberry product 

containing an organism having the thermal death time 

characteristics of the peniclllium described by Williams 

et al. (72, p 69) the highest level of pigment retention 

would be obtained by the use of a short-time-high- 

temperature treatment. (8, p 126). 

Markakis et al. (46, p 118) have studied the kine- 

tics of degradation of pelargonidin«>3-monoglucoside In 



buffer solutions, at pH 2.0 and 3.4 under exclusion of 

oxygen and in a temperature range froos 450 G. (113° F.) 

to 110° C. (230° F,), First order reaction rates and 

Straight thermal destruction time  lines were obtained 

(46, p.128), 

Becereau et al. (12? p 127) studied the effect of 

storage at 100° F* ton strawberry jellies and found the 

extent of pigment loss. The retention of the antho* 

cyanin was 26 percent after 19 days of storage. Visu- 

ally, the onset of browning tended to eask what little 

differences existed in color due to the anthocyanin 

present. 

Ascorbic acid has a significant effect on the rate 

of degradation of pelargonidin^S-ioonoglucoside and this 

effect has been studied in model systems (52, p 367; 4, 

p 395; 50, p 1; 65, p 475). 

Pederson, Beattie and Stots (50, p 1) observed par- 

allel losses of ascorbic acid and anthocyanin during 

storage. The best correlation between ascorbic acid and 

red color losses was obtained with strawberry juice. 

Pederson and coworkers (50, p 1) postulated that an 

interaction between ascorbic acid and anthocyanin pigcoent 
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may occur. 

Sondheimer and SCertess (65, p 476) have demon- 

strated that the accelerating effect of the ascorbic 

acid on the rate of pigment breakdown is associated 

with the oradation of the ascorbic acid. That the 

color loss is related to the rate of ascorbic acid 

oxidation if as demonstrated in two ways. 

(1) In anaerobic systems the anthocyanin loss was not 

significantly different frora that observed in aerated 

solutions containing no ascorbic acid. Therefore, 

when lack of oxygen is inhibiting the ascorbic acid 

oxidation, no demonstrable anthocyanin deterioration 

can be attributed to the ascorbic acid. 

(2) Thiourea is a metal cocsplexing agent which has 

been used to decrease the rate of cupric-ion catalyzed, 

aerobic oxidation of ascorbic acid. Thiourea in the 

absence of ascorbic acid has no demonstrable effect on 

the rate of pignent destruction. 

The transient presence of hydrogen peroxide in 

strawberry products is a distinct possibility (64, 

p 288) and therefore, the loss of some of the straw- 

berry anthocyanin pigments through reaction with this 
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hydrogen peroxide is a reasonable assumption* There 

are a nuntber of reactions which may give rise to hydro- 

gen peroxide in strawberry products. It is known, for 

instance, that in the presence of oxygen and cupric 

ions the oxidation of ascorbic acid to dehydroascorbic 

acid is aceocBpanied by the formation of hydrogen per- 

oxide (64, p 288). 

Headspace (65, p 478) has an undesirable effect on 

the red pigments of strawberry juice. The color loss 

is not due to a direct oxidation of the pigment by air 

since pelargonidin-3-ssonogiucoside is fairly stable at 

a pH of 3.4 when shaken with air. It is likely that 

the hamful effect of head space on color stability in 

strawberry juice may be attributed largely to the 

oxidation of ascorbic acid. 

Meschter (43, p 575) has observed the rate of 

pigioent degradation in the presence of different sugars 

at 38° C. Sugars such as arabinose, levulose and 

sorbose which are relatively labile, produced a higher 

rate of pigment degradation than store stable sugars 

such as maltose and sorbitol. Sugar degradation prod- 

ucts, 5-hydroxymethyl-furfural and furfural, also 
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increased the rate of degradation (48, p 578; 46, 

p 119), Further work in model  systems by Mackinney, . 

Lukton and Chlchester (45, p 326) showed fructose to 

be more active than sucrose. These workers also demon- 

strated an added effect in a sugar aroino acid system 

which was presumably due to the interaction of the 

sugar and aeino'acid (45, p 326). Decereau, Livingston 

and Fellers (12, p 126) have made som@ observations on 

the rate of loss of pigments in strawberry jellies. 

Contrary to expectation, replacement of sucrose by 

fructose increased the half-life of the pigment. Some 

work by Aref, Sidwell and Litwiiler (2, p 294) indi- 

cated sugars could have SODS© effect on the color of 

frozen strawberries.. 

Lukton, Chlchester and Mackinney (41, p 428) have 

shown that the pigtsent is toore stable at lower pH and 

that there is an increase of decolorising activity with 

increase in pH in the range 3.0 to 4,.5 (67,, p 53). The 

percentage of pigtaent existing in the R^ form is a func- 

tion of pH and the rate constant of degradation is pro- 

portional to the percentage of R*. 

The effect of different chesaical substances on the 
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strawberry pigment has been studied. Sondfoeiaaer and 

Kertesz (64, p 2S9) found that the addition of hydrogen 

peroxide to strawberry juice causes a decrease in the 

red color by a reaction which has the characteristics 

of the ferrous-ion catalyzed, anthocyanin-hydrogen per- 

oxide reaction in the artificial ssixture. Markakis 

et al. (46, p 119) observed that thiourea has a protec- 

tive effect on both strawberry juice and buffered 

pigment solution. Propyl gallate and quercetin show a 

slight protective effect on the color of both juice and 

pigiment solution. Decereau et al. (12, p 127) reported 

that several additives were tested for their effect on 

the rate of pigment destruction in processing. Their 

effectiveness was determined by heating jellies con- 

taining these additives at several bath temperaturesj 

drawing samples at different time intervals and analyzing 

these for the anthocyanin pigment. From the data 

obtainedj the half-life of the pigment under each set 

of conditions was determined by using the regression 

equation: 

log Y * Y ♦ b (a - x) 

Where sc is the mean of the exposure time in hours, Y is 
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the mean of the logarithm of the percent pigpent reten- 

tion, b is the slope of the regression line and x is the 

half*life value obtained by giving Y the value of 50 per* 

cent. The results are suosmarised in the following table. 

TABLE 1 

The effect of heating temperatures and additives on 
the half-life of pelargonldin-3-monoglucoside in pro- 
cessing (12, p 127) 

.,.,.,. Half-life in hour® at 
Additive 200o F#   220o F#   240° F, 

None 1*38 0.73 0.2® 
Kojic acid (0.05%) 1.59 0.75 0.26 
Quercetin (0.076%) 1.71 0.65 0.26 
Rutin (1.0%) 1.66 0.76 0.31 
Sequestrene (0.076%) 1.32 0.67 0.23 
Thiourea (0.076%) 1.49 0.67 0.28 

The principal breakdown products of the pigment in 

oxygen are an insoluble red-brown precipitate and a 

soluble brown material. In nitrogen only minute amounts 

of red-brown precipitate are formed for equivalent pig- 

csent losses, according to Lukton, Chichester and 

MacRirmey (41, p 427). The soluble breakdown products 

absorb at 440 cou and the pigment itself at 500 mi.    The 
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optical density o£ the pigment at 500 mu was calculated 

from the following equations (41, p 428; 70, p 120) 

which take into account the ahsorhance of pipoent break- 

down products. 

n500 , D500 4- D500 
B    "p 

D^O • 0.48 ©500 ♦ 2.3 D|00 

Where Dp is the optical density of the pigment and Dg is 

that of the breakdown products. The value 0.48 is the 

ratio of absorption of the pigment at 500 mm to that at 

440 EBU at pH 1.25 and 2.70. However, as pH 3.25, 3.85 

and 4.50 the ratios are 0.49, 0.57 and 0.69 respectively. 

The ratio of absorption at 440 and that at 500 ma of the 

breakdown products was determined from the absorption 

spectrum of the brown soluble material which had been 

separated and characterized by paper chromatography. 

So the change in pigment concentration can be calculated 

by solving the simultaneous equations for B|30. 

Lukton et al. (41, p 429) found that the ratio of 

the absorption at 440 to that at 500 mu increased with 

time, approaching 2.3 as the pigtsient was completely 

destroyed. The absolute absorption at 500 mu decreased 
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with time* 

It is not known how the brown material is formed 

in strawberry products, Hodge (21, p 928) reviewed 

the browning reactions in 1953. Three broad types of 

browning reactions were recognized: 

(1) Carhonyl-aioino reactionst    This type includes the 

reactions of aldehydes, ketones and reducing 

sugars with amines, amino acids, peptides and 

proteins. 

(2) Caramelisatiom It occurs when polyhydroxy 

carbonyl compounds (sugars, polyhydroxycarboxylic 

acids) are heated to relatively high temperatures 

in the absence of amino compounds. This type of 

browning characteristically requires more energy 

to get started than the carbonyl-amino reactions, 

other conditions being equal. Neither carbonyl- 

amino nor caramelisation reactions are dependent 

upon the presence of oxygen to produce browning. 

(3) A third broad type of browning frequently encoun* 

tered by the food processor is the group of oxida- 

fcive reactions, which for example, convert ascorbic 

acid and polyphenola into di- or polycarbonyl 
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compounds. 

These three types of browning reactions are non- 

enzynatic (44, p 302). In the case of strawberry there 

are at least two possible pathways of formation of the 

red-brown precipitate. One is the conversion or poly- 

merization of the pseudobase of the pigments to the 

red-brown precipitate (6, p 1573). The other is the 

hydrolysis of the pseudobase to the aglucone with sub- 

sequent conversion directly or through intensediates to 

the red-brown precipitate. 

Zn both cases the brown pigiaent may arise frooi the 

glucose (20, p 667), the red-brown precipitate and from 

colorless breakdown products (53, p 517; 41, p 592). 

The formation of the red-brown precipitate from the 

aglucone is unlikely since no precipitate was observed 

when the aglucone was discolorised in solution. It fol- 

lows, then, that the precipitate csust be formed from the 

pseudobase of the oxonium salt of the glucoside, or 

possibly frooa both. 

Mackinney, Lukton and Chichester (45, p 326) 

reported that one may consistently observe a linear 

relation between pigment loss (in sag/100 g preserve) and 
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browning (increase in optical density at 440 imi). The 

brown product arises either concomitantly with, or as a 

direct result of pigment degradation, 

tn strawberry juice there is an initial increase in 

browning not accompanied by a pigment loss. Subsequent 

to this loss which amounts to about 20 percent of the 

total browning (i.e., the total amount formed by the 

thm most  of the pigment has been destroyed) the ratio 

of pigment to browning becomes constant (45, p 325). 

Because of the formation of the red-brown precipi- 

tate and the brown soluble pigment, the amount of the 

anthocyanin alone is no criterion of an acceptable color. 

The brightness of the product must be taken into account. 

This measurement can be done by using the Hunter Color 

and Color-Bifference Meter (26, p 261). One may cal- 

culate hue, value, chroma and the chromaticity coordi- 

nates by using this instrument (11, p 536). The Hunter 

has two scales: h and P^ and gives three numbers for 

each color measurement. The use of either 8$ (45° * 0° 

luminous reflectance) or L (visual lightness) depends 

upon the type of measuring circuit selected. The other 

two scales of the instrument measure "a" which is 



redness when plus, gray when zero and greenness when 

minus and "b" which is yellowness when plus, gray when 

zero and blueness when minus* When using the % scale 

the aL and bL are slightly different froea those measured 

in conjunction with L. 

There are three different methods of presenting 

the sample to the instrument (66, P 14): 

1. Spot reading; The saraple is presented to the 

instrucsent in a polyethylene container. At dif- 

ferent positions of the sample a set of readings 

are taken. The isean of these readings presents a 

reliable estimate of the sample. 

2. Reading from rotation (57, p 666): These readings 

are obtained using the spinning attachioent described 

by Sidwell and Cain (57, p 666). The sample is 

rotated above the window of the instrument at a 

rate sufficient to give a steady galvanometer 

reading. 

3. Reading froi® blending: The sample is blended for 

30 seconds in a Waring Blendor and then deaerated 

for 15 minutes using a water aspirator* 

It has been shown in tomato juice that the ratio. 
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a/b, correlates with dominant wavelength and the func- 

tion (a"* ♦ b )% represents saturation or chronsaticity. 

"Dominant wavelength"0 is the wavelength of the spectrum 

light that, when combined in suitable proportions with 

the achromatic light, as daylight, yields a match with 

the light considered. The ratio of the amount of the 

spectrum light used, to the sum of the spectrum light 

and the achromatic light is called percent purity (26, 

p 281). 

A rapid method for the measurement of red color in 

strawberries with the Hunter Color-Difference Meter 

using the % circuit was described by Hoover et al. 

(23, p 10). The relative color score of berries is 

determined by the formula 

Y * antilog 0,40239/0.03125X 

Where X represents the "a" value of the color meter. 

The formula is an expression of the response of the 

Hunter Color-Difference meter to different concentration 

of Congo Red ranging from 10 to 50 ppm when dispersed in 

a suspension of sugar, agar and MgO. From the L, a^ and 

bL we can calculate the tri-stimulus values X, Y and Z 

by means of the formulas (26, p 2S2). 
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Y «    L2 

10000 

X 9    (0,5602 a aL) » <0.®@04 x t) x L 

Z a (1.181 XL* 1.687 x ht)  x L 
10000 

The tristissulus values of a light are the asmouftts of 

the three reference primary colors required to give by 

additive coiobination a match with the light considered. 

The tristicnulus values are usually expressed as chrocaat- 

icity coordinates* "x,05 "yt8 ®«^ "24" which are the ratio 

of each tristimulus value of the light to their sues, 

i*e., MJCM •   X   k    Froia these values and using a 
X + ¥ + Z 

chromaticity diagram one can specify a color in terms of 

dominant wavelength and percent purity. The tristicnulus 

values are based on a system of color specification 

adopted by the "International Commission on IllUGsina- 

tiotv9 in 1931. This system of color specification is 

generally referred to as the I.C.I, or C.I.E. system of 

color notation (10, p 354). 

In the case of strawberry products MacKinney and 

Chichester (43, p 13) first pointed out that the antho- 

cyanins were an inadequate measure of actual color 
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change, since other factors, such as the formation of 

brown pigments and saetal*induced discoloration take 

place concurrently with storage losses in anthocyanin 

pigment. These authors suggested that the attractive 

color of strawberry preserves is rather ©ore closely 

related to the brightness of the product, a measurable 

colorimetric dimension corresponding to the tristiraulus 

Y value of the C.S.E. color solid, or the % or I, 

values of the Hunter syste®. 

Decereau et al« (12* p  127) used the t value as a 

measure of desirable color in strawberry jellies and 

Obtained excellent correlations between brightness 

values and temperature suntmations. These authors used 

the Beekisan DU spectrophotometer, equipped with a re* 

flectance attachment. Jelly s.aropl@s were placed in a 

shallow, white enameled cuvette Pleasuring 40 mm in cSia- 

eaeter and 9 tm in depth, tshieh was covered by a glass 

slide to present a reproducible sample thicteess. O.X.E. 

brightness was calculated from the spectual reflectance 

data by aeans of the selected ordinate method. 

tn  a study of Livingston et al. (38, p 303) four 

tristieaulus coloricaeters, the photovolt, Model 610 
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Reflection Meter, the Hunter Color Difference Meter, 

the Model G Color Eye and the Color Master Differ- 

ential Colorimeter were evaluated for their ability 

to provide color data which could be significantly 

correlated to visual ratings, pigeaent contents and 

browning Kteasurements • According to these authors 

the Hunter aL values correlate significantly with 

visual scores and piguent contents. Hunter bg, 

values correlate with pigment content but not with 

visual scores. Visual scores were obtained by com- 

bination of ranking and acceptability tests carried 

out by twenty judges. 

Aref, Sidwell and Litwiller (2, p 293) used the 

Hunter Color Difference Meter to detercaine whether or 

not the addition of various sweeteners to strawberries 

before freezing would affect the fruit differently 

with respect to quality characteristics. The color was 

measured by using the L scale. The sarople was placed 

in a circular, transparent, clear plastic dish and four 

spot readings were taken at random. The Hunter L 

readings and the dominant wavelength after three 

months of storage were significantly different due to 



23 

lots, treatments and sweeteners, while the purity 

values were significantly different due to lots only. 

After six months of storage the Hunter L readings 

were significantly different due to lots, treatments 

and sweeteners. 

Guadagni, Mfnoao and Jansen (16* p 309; 17, p 306) 

found that the major color changes in frozen straw- 

berries were represented best by changes in the Hunter 

aL value. The decrease in aL value was essentially 

linear for all temperatures from 0° F. to 25° F. and 

the rate of decrease varied logarithmically with 

increasing temperatures. 

In studying methods for presenting raspberry and 

strawberry samples to the Hunter Color and Color Dif- 

ference Meter, Tinsley (66, p 39) concluded that in 

sliced strawberries, the A.M.S. score for color in- 

creased fairly regularly with the appropriate change 

in brightness up to a certain point. There was a tend- 

ency to rate samples higher with a higher L value, 

until a critical value was attained after which the 

rating fell off rapidly with increase in Hunter L. 
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B
T  Raspberry 

Guadagni and Hicmo (15, p 633) in a study of the 

effect of tine and temperature on color distribution 

of froseo raspberries (56, p 121) found that maximum 

absorption occurred at approxiaaately 513 raw. The 

effect of pH on the absorption of raspberry pigment 

is similar to that reported by Sondheiimer and ICertess 

(63, p 3476) for the anthocyanin pigment in straw- 

berry. Storage at 30° F. for two weeks does not cause 

any shift in the characteristic absorption spectra of 

fresh frosen raspberries but oserely causes a certain 

amount of pigcsent transfer fron berries to syrup. 

The extent of pigment transfer depends on the original 

pigment concentration in the berries and the ticie and 

temperature of storage. At 0° F. only a slight increase 

in the color of the syrup had occurred after one year 

of storage. 

The pH of the mediuQ) and the gas of the headspace 

have an influence on the pigment destruction in canned 

raspberries, as in the strawberry. Harib et al. (19, 

p 482) canned raspberry and strawberry fruits at pH 
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values of 3.5, 5.5, 7.5 and S.5, with or without air 

in the headspace, and the effects on color were 

measured by spectrophoto^etric determinates on ex- 

tracted anthocyanins and by determination with the 

Hunter Color Difference Meter on homogenised samples 

of the products, destruction of red pigments and 

change of color to purple and finally to greyish-blue, 

increased with rise of pH and with the presence of air. 

The red color in fresh products was shown chronato- 

graphically, by these authors, to be due to four 

cosBponents in raspberries and' five in strawberries. 

11.  E. Case (S, p 16) reported another study of the 

effect of storage on raspberry and strawberry pigments. 

Canned raspberries and strawberries and raspberry jams 

were stored at -20° F., 70° F. and 100° F. Decrease 

in color at -20° F. was very slow for nine months (33, 

p 9). At 70° F. about one°half of the pigment was lost 

in one month and all in twelve months. At 100° F. two- 

thirds of the pigment was lost in one month. 

Kitson (32, p 16) studied the effect of temperature 

and length of storage on berry pie fillings. Frozen 

strawberries were cooked, filled into pint sealers with 
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glass tops and the containers were sealed, inverted 

and cooled in air and the products were stored at 

different temperatures from 32° to 100° F. The color 

of the products was examined by reflectance measure- 

io@nts. After one month at 100° F. the pie fillings 

becane dark brown and wholly unacceptable. Loss of 

the desirable red color was associated with a shift 

towards a shorter doosinant wavelength and a decrease 

in percent spectral purity. 

It is known that colloids help improve the quality 

of frozen raspberries, the principal objection to 

frozen raspberries is that when thawed the raspberry 

fruit tends to break down, releasing an excess of free 

liquid (34, p 51). Colloidal materials such as pectin 

and plant gums have been of value in improving the 

quality of frozen fruit. Vlhen such agents are used 

there is a considerable increase in the drained weight 

of the fruit and in the color. Barton (3, p 50) dis- 

solved the colloidal agents in 50 percent syrup. The 

agents were: (1) gum tragacanth, (2) 150 grade high- 

rcethoxyl pectin, (3) 320 grade low-methoxyl pectin. 

A photovolt reflectioncaeter was used for color 
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Bieasureojent. The added colloids were effective in 

retaining the color in both red and purple raspberries. 

G.  Blackberry 

Karrer and Pieper (20, p 519) found that the pigment 

of the blackberry consists of a monoglueoside of a 

cyanidin either identical to, or an isomer of, chrysan* 

thin or asterin in asters and chrysanthejmums. The 

identity of the pignent with chrysanthefflin required it 

to be a b-glucoside. 

The major isolated pigment of blackberry showed 

all the color properties and reactions attributed to 

chrysantheioin^chloride (23, p 142). 

D.  Blueberry 

The anthocyanin can be extracted (1, p 2; 73, 

p 387; 9, p 1) fron the dried fruit and adjusted to a 

fixed pH. The anthocyanin absorbs at 500 tmi. As the 

color of the Juice becoraes a beautiful rose color by 

acids, Watson (69, p 246) proposed that the juice of 

this berry could be used as an indicator in volumetric 
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analysis. 

irody, A. lo.fital*' (7,^ p 367) stored coraroer'- 

cially packed blueberry pie filling in Ho. 2 cans at 

two different temperatures, 340*360 F. and 750^7BQ F. 

Colorimeter readings showed a slightly more blue hue 

in the low temperature samples than in the high 

temperatures at two months. 
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MATERIALS AND METHODS 

Raw Material 

The purpose of this experiiiental work was the 

investigation of the influence of the process and sub- 

sequent storage at 100° F. upon the absorption spectrum 

of the pigments of strawberries, raspberries, black- 

berries and blueberries and the study of the L, a^ and 

bi» values of the Hunter Color Meter. 

The Horthwest strawberry, the Willaraette raspberry, 

the Marion blackberry and the Jersey blueberry were 

used* The fruits were selected to have the average 

physical properties which can be found in commercial 

packs* These fruits were obtained from the University 

farm and precooled overnight at 35° P., before processing. 

The berries were mixed, washed and tritraed to remove any 

dirt or blemished berries in a McLauchlan vibratory 

washer and drained on S-roesh stainless steel trays before 

hand filling into cans or jars. Very small or very large 

fruits were removed during this operation. 
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Containers 

Fruit enamel cans (303 x 406) and Duraglass 303 

jars were used in these experiments for the canning of 

the berries. The fruits used for the first replication 

of the cans and jars were taken from the same lot. The 

same is true for the fruit used for the second replica- 

tion. 

Preparation for Processing 

Cans and jars were weighed individually and 300 

grates of washed berries and 182 grams of 60° Brix syrup 

at 170° F. were filled in the container. Before syrup- 

ing, each can or jar was held at 25 inches vacumn for one 

minute in a manually operated vacuum closing machine. 

The vacuum was released by filling with syrup at 170° F. 

The cans were steam flow closed at 20 inches vacuum. The 

jars were sealed with a steam sealer maintaining 20 inch 

vacuum. 
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Heat Processing Method 

The cans were spin-processed in a modified Roll- 

Thru machine, spinning the cans or jars with coaxial 

rotation. The speed used for the cans was 100 r.p.ot., 

and the processing time was 5 minutes. The spin-cooking 

nsachine was preheated for 1 minute before the cans were 

processed. The heating curves for blueberries are shown 

in Fig. 1. The jars were cooked for the same time at 

the sane speed, with the exception of the blueberries. 

In the case of the blueberries, because of released gas, 

a relatively high pressure was developed in the jars, 

and so the cooking time was reduced to 4 foinutes. The 

cans and jars were cooled in the Roll-Thru machine with 

spraying water and stored at 100° F. 

Product ExatBination Methods 

Two replications of four samples, for each one of 

the four berry fruits examined, and for each of the two 

different containers were made.    Analyses of samples 

were run immediately after processing, and after storage 
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tiroes of 3, 7, 14, and 28 days. The following measure- 

ments were obtained for each sample: Vacuum, head space, 

drained weight, degrees Bris of the syrup, titratable 

acidity and pH of the syrup. Hunter Color Meter measure- 

ments and absorption spectra. 

Vacuum readings were taken on cans or jars with a 

checked IT. S. Gauge puncture gage, after cans or jars had 

cooled to approximately 25° C. 

The gross headspace was measured with two small 

rulers as the distance between the top of the can double 

seam and the top of the product. 

The procedure used for the determination of the 

drained weights was the U.S.D.A.-A.M.S. method for canned 

foods as described in the Almanac of the Canning Indus- 

tries, edited by E. E. Judge, 1960 ed. (p 143-149). 

The color study of the processed fruits was carried 

out by the use of the Hunter Color and Color Difference 

Meter for the study of color changes of the solids and by 

the use of the Beckman DK-1 spectrophotometer for the 

study of changes in the absorption spectra of the liquid 

taken from the cans or the Jars. 
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Hunter Color and Color Difference Meter Measurements 

These measurements were made by the spot reading 

method. The sample was presented to the instrument in 

a polyethylene plastic container, 6 inches in diameter 

and 1% inches deep. Readings were taken at four dif«- 

ferent positions of the sample. The average of these 

readings was considered as the measurement. The sample 

consisted of the solid fruit taken from the cans or the 

jars. A small amount of liquid from the can or the jar 

was added to the plastic dish in order to fill the small 

spaces between the solid particles in the container. 

The L scale was used in this experiment. Zn the 

case of strawberries, raspberries and blackberries the 

instrument was standardized against the National Bureau 

of Standards Standard "Panel 70 Red" having the followini 

L scale values: 

L ■ 29.2 
ai, * 47.7 
bL • 17.7 

In the case of blueberries the standard "Panel 45 

Royal Blue" having the following L scale values was used 

for the standardization of the instrument: 
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L * 22.1 
a^ * 13.5 
bj, • 43.4 

Absorption Spectra 

An appropriate voiume of the syrup taken frorra the 

cans or the jars was diluted with citrate buffer. The 

dilution factor for strawberries was 1:10, for the other 

fruits 1:25. The final pH of the buffer-diluted syrup 

was 3.4. The buffer was prepared by mixing O.IH HCL and 

sodium citrate solution in the ratio 5,5 volumes HCl to 

4*5 volumes citrate solution. The citrate solution was 

prepared by dissolving 21.008 grains of {oonohydrated 

citric acid in 200 ml of carbonate free 1.0 N sodium 

hydroxide solution and diluting the fixture to one liter. 

The pH 3.4 was chosen because it was close to the pH of 

the liquid taken frooi the cans and the jars of the straw- 

berries. The solution was filtered by oseans of a No. 4 

Whatman filter paper. After holding the diluted liquid 

for one hour, the absorption spectrum frocB 700 ma to 

400 mx was taken in a Beckman, Model DK-1, Spectrophoto* 

sseter. The scanning time used was 30 minutes 
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corresponding to 1.2 tmi per I wm distance on the chart. 

The cell used was a Secknaan 1 cm absorption cell. 

The cans and jars were stored at a constant temj- 

perature of 100° F. in the absence of light. 

The "CaiBco Roll-Thru"* pasteurizer-cooler. This 

raachinc is a continuous unit in which the cans or jars 

are rolled through two ten-foot decks set beneath hot or 

cold water sprays. The containers are held within the 

pockets of a continuous (moving link belt. Reversal of 

the direction of the can rotation takes place at each 

end of each deck. The cooker temperature was 205*2070 F. 

for 5 QQinuteSj except for the blueberries in glass, where 

the time was 4 minutes. 

Heating rates of tin and glass containers. 

The center temperatures of the containers were meas- 

ured at appropriate time intervals by means of Ecklund 

thermocouples connected to a 16 point Brown Electronik 

Recorder. The containers were removed ivom  the cooker 

during the temperature oteasureinent. Plotted points 

(Figure 1) represent the time-temperature relationships 

of separate containers. 

1,  Manufactured by: Horvic Manuf. Co., Pittsburg, Fa. 
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RESULTS AND DISCUSSION 

The methods described in the previous section were 

used for the analysis of the berry fruits processed and 

stored in tin or glass containers. The mean headspace 

in the cans and jars was 12/16 inches with a range of 

4/16 inches. The average vacuuca in the cans was 15 

inches, range 2 inches, and in the jars, 21 inches, 

range 1.5 inches. The drained weight increased with 

the storage time in the case of strawberries, raspber- 

ries and blackberries. For blueberries there was a 

slight decrease. The average percent drained weight 

increase for strawberries for 28 days storage was 8.5 

percent, for raspberries 7.7 percent, for blackberries 

10 percent over the zero storage time. The decrease in 

the case of blueberries was 15 percent for the first 

replication and 2 percent for the second. As far as 

the color was concerned the following results were 

found. 



1,  Northwest Strawberries 

Absorption Spectrum 

Liquid samples from the cans and the jars were 

diluted 1:10 with citrate buffer and the pH was adjusted 

to 3.4. The solution was filtered through a No. 4 fil- 

ter paper. After that, the absorption spectrum was 

taken from 700 mu to 400 mi*    In the case of the fresh 

fruit an appropriate amount of fresh fruit was mixed 

with citrate buffer in a Waring blunder and the homo- 

genized mixture was filtered and appropriately dilut©d 

to give a 1:10 solution of the original amount of the 

fruit. Two absorption peaks appeared in this region of 

the spectrum. These peaks corresponded to wavelengths 

497 mu and 423 mu. The peak at 497 represented the ab- 

sorption maximum of the spectrum in this region (Fig. 2). 

Between these two absorption peaks an absorption minimum 

appeared at wavelength 440 mu. The wavelengths of the 

peaks did not change with the storage time. The absorb- 

ance became less during the processing of the fruit and 

decreased during the storage period. The means of the 

absorbance at 497 mu and 440 mu calculated on the basis 
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Figure   2. 
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of four samples (dil 1:10, pH 3.4) are tabulated in 

Table 2. 

The absorbance of the fresh fruit of the first 

replication was 63.7% at 497 ma, and 38.0% at 440 osu. 

The ratio of these two values was 1.67. The absorbance 

of the fresh fruit of the second replication was 65.5% 

at 497 cm, 38.0% at 440 om and the ratio of these two 

values, 1.72, The data tabulated in Table 2 shows 

that the absorbance at 497 mi decreased with processing 

and during storage (Fig. 3). The absorbance at this 

wavelength is due mainly to the anthocyanin pigments of 

the strawberry) which undergo degradation during pro- 

cessing and storage. Brown pigments,, which are among 

the products of the degradation of the anthocyanin, 

absorb stronger at 440 mi  than the anthocyanin pigisentg. 

For this reason the rate of decrease of the absorbance 

at 440 tru is less than the rate at 497 mu. The ratio of 

the absorbance at 497 mu over the absorbance at 440 mu 

decreased with the storage time. The decrease in this 

ratio between the different storage times was signifi- 

cant at the 5 percent level. The differences between 

the peak absorbances at different times of storage were 
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Table 2 

Absorbance Means at 497 ma and 440 mx 
of Processed Strawberries 

cms 
Pays After % Absorbance % Absorbance Ratio 
Processing At 497 siu At 440 mi 497/440 mx 

I    REPLICATION 
0 50.6 30.3 1.67 
3 49.8 33.5 1.48 
7 43.1 30.9 1.41 

14 39.3 29.a 1.32 
28 38.7 30.7 1.26 

XI iiEPLXCATIQtf 
0 55.93 32.53 1.72 
3 50.16 32.33 1.53 
7 46.47 31.97 1.50 

14 43.25 30.65 1.41 
28 39.75 

JARS 

29.73 1.33 

I    REPLICATION 
0 52.9 31.7 1.67 
3 52.3 33.9 1.54 
7 45.9 31.6 1.45 

14 41.6 31.2 1.33 
28 39.0 30.0 1.30 

ZI REPLICATION 
0 55.90 33.0 1.69 
3 48.97 31.0 1.58 
7 49.10 32.67 1.50 

14 45.93 32*83 1.40 
28 41.85 30.12 1.38 
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significant as found by statistical analyses of this 

factorial experiment. The F value for the difference 

between tin and glass was 3.4 with 1 and 30 degrees of 

freedom. The 5 percent critical region was beyond 

4.1709. The error was 1.12 with 30 degrees of freedom. 

The F value for the hypothesis that there was no dif- 

ference in the absorbance with the storage time was 6.7 

with 4 and 30 degrees of freedom and the critical 

region beyond 2.6896. The error was 1.120 with 30 

degrees of freedom. 

The plot of the absorbance or the ratio of the ab- 

sorb ances at 497 and 440 reu as a function of time did 

not give a straight line relationship. A logarithmic 

plot of the absorbance versus time did not give a 

straight line relationship. This does not mean that 

the anthocyanin degradation does not follow first-order 

reaction, because the absorbance is not due solely to 

the anthocyanin pigments. Brown products of the anthocy- 

anin degradation interfere with the absorbance of the 

anthocyanin at these wavelengths. 

Even after separating the absorption of the brown 

pigment from that of the anthocyanin pigment, the 
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anthocyanin degradation did not follow a first-order 

reaction in this experiment. This is probably due to 

the fact that parallel reactions were taking place in 

this system. ■ The' oxidation- of the 'ascorbic acid has 

been reported to have an accelerating effect upon the 

pigment breakdown (65, p 476). The transient presence 

of hydrogen peroxide In strawberry'products is a'dis*' 

tinct possibility (64, p 288) and loss of some of the 

strawberry anthocyanin pigment through-reaction with 

hydrogen peroxide is a reasonable assumption. Sugar 

degradation products, 5^hydroxy-sjiethyi-furfural and 

furfural could increase the rate of degradation (48, 

p 578; 46, p 117). It is possible that some of these 

factors began to influence pigment degradation after 

some time of storage. For this reason the over-all 

reaction, which was observed in this e^periraent did not 

follow the first-order reaction. By using the equations 

proposed by Meschter (49', pllOj- 41, p 428), the rfed 

pigments were separated from the brown pigment* The 

results are shown in Fig. 4. The values of the absorb* 

ance due to red pigment and that due to brown products 

do not give sufficient information for color evaluation 
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(49, p 114). Fig. 4 suggests that probably there was a 

formation of precursors of the brown pigment during the 

processing. These precursors were products of the 

degradation of the anthocyanin, which gave the brown 

pigments formed during storage. 

Hunter Color Meter 

The L, aL and b^ scales of the Hunter Instrument 

were used for the detenoination of the color of the 

fruit solids taken from the cans or the jars. The data 

obtained from these sneasureraents are tabulated in 

Table 3. 

The fresh fruit of the first replication gave the 

following readings: 

L - 20.7 
aj, * 14.3 
bt » S.5 

The same readings obtained from fresh fruit of the 

second replication were: 

L • 24.7 
at * 18.1 

The readings of the three Hunter Instrument scales 

decreased as the storage time increased. The visual 



Table 3 

Mean Values of Hunter Color Meter Readings 
for Processed Strawberries 

47 

Days After CM JARS 
Processing I* 

X    REPLICATION 

L ^ *!. a/b 

0 21.5 12.8    8.9    1.4 22.4 12.7 9.3 1.4 
3 21.1 11.2    7.2    1.5 21.2 11.4 7.4 1.5 
7 20.7 9.9    7.3    1.4 20.8 9.9 7.1 1.4 

14 19.8 8.0    6.6    1.2 19.7 8.7 6.9 1.3 
28 19.0 5.9    6.4    0.9 

II BEPUGATION 

18.7' 6.5 6.0 1.1 

0 23.1 16.3   9.7    1.7 24.7 15.2 10.1 1.5 
3 21.8 12.0    8.6    1.4 22.0 13.6 9.1 1.5 
7 21.3 11.7    7.7    1.5 21.8 12.2 7.9 1.5 

14 20.9 10.4    7.8    1.3 20.9 10.5 7.6 1.4 
28 20.1 7.7    7.3    1.0 19.9 8.3 7.0 1.2 
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lightness, L, decreased with the storage time,  probably 

because of the formation of the brown products of the 

anthocyanin degradation. The a^ scale is a measure of 

the redness of the product under consideration when posi- 

tive and of the greenness when negative. Decreasing of 

the a^ positive value means that the redness of the 

strawberries decreased. This change might be explained 

on the basis of the fact that the absorbance at 497 tnu 

decreased at a faster rate than the absorbance at 440 cm. 

The bL reading is yellowness when positive and blueness 

when negative. The bL reading for the strawberries 

decreased with time. Therefore, the color of the 

product shifted to a darker region. 

Neither of these three readings gave a straight 

line when plotted against time. The plot of each one of 

these three readings versus the absorbance at 497 tou 

(Fig. 5) and the ratio of the absorbances at 497 mu and 

440 mi did not give a straight line. There are some 

qualitative relationships between the change in the ab- 

sorbance and the change in the readings of the Hunter 

Color Meter. The decrease in the absorbance at 495 mu 

and the decrease in the a^ reading means a change in the 
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redness of the sample. The decrease in the absorbance 

at 440 tmi and the decrease in bL means decreased yellow- 

ness. The ratio a^/b^ is a measure of the hue change. 

Comparison of Tin and Glass 

Spec tr opho toroe t er 

The means of the absorbance of the diluted liquid 

(dilution 1:10) taken from cans and jars are tabulated in 

Table 2. The shape of the spectra were exactly the same 

in both cases. There was no difference in the wavelength 

of the peak absorbance. Generally the absorbance at 497 

«iu was higher for the fruit processed in glass. Statis- 

tical analysis of the factorial experiment type showed 

that there was no significant difference at the 5% sig- 

nificant level between the absorbance of the fruit 

preserved in glass and tin containers. The rate of the 

anthocyanin degradation remained the same, at least for 

the storage time and the storage temperature used in this 

experiment. Seemingly the cans had no harmful influence 

upon the anthocyanins, as long as the containers were 

sealed. 



51 

Hunter Color Meter 

The data obtained front this instrument are tabu- 

lated in Table 3. Statistical analysis, as in the case 

of the absorbance showed that there was no significant 

difference between the L, a^ and bL readings for the 

fruit preserved in cans or jars. It appeared from 

these laeasurements that the tin container had no harm- 

ful influence upon the color of the fruit at least for 

the storage time and the storage temperature used in 

this experiosent. 

2.  Willamette Raspberries 

Absorption Spectrum 

Appropriate amounts of the liquid taken from the 

cans or the jars were diluted with citrate buffer. The 

final pH was 3.4. The spectrum of the dilute solution 

in the region 700 mu to 400 mi was taken by using a DK-1 

spectrophotometer. Only one peak appeared in this 

region of the spectrum. The wavelength of this peak was 

510 mu. The means of the absorbance at this wavelength 
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of four samples are tabulated in Table 4. 

Fresh raspberries were homogenised with citrate 

buffer in a Waring blender and appropriately diluted 

(dilution 1:25, pH 3.4). The absorbance at 510 ma for 

the fresh fruit of both replications was 52.0%. The 

wavelength of the peaks did not change during the 

storage. The absorbance Increased during the first 14 

days of the storage at 100° F. After the fourteenth 

day there was a definite decrease in the absorbance. 

The change of the absorbance during the storage is quite 

different frotr, that of the strawberries. It seeae that 

the equilibrium was attained during the first 14 days 

in the case of the raspberries. The difference in the 

rate of change of the absorbance in strawberries and 

raspberries was due to the difference in the time which 

the pigment took to be distributed between the solid and 

the liquid phases. The rate of the diffusion of the 

pigment from the solid phase to the liquid phase was 

greater than the rate of the degradation the first 14 

days. The plot of the absorbance or of the logarithm 

of the absorbance versus time did not give a straight 

line relationship. The absorbance at 440 mu did not 
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Table 4 

Means of Absorbance at 510 GBU of Diluted Liquid 
(Dilution 1:25, pn 3.4) of Processed Raspberries 

Days After % Absorbance 
Processing CANS 

1    REPLICATION 

JARS 

0 43.1 39.0 
3 43.0 40.5 
7 43.1 43.0 

14 40.1 39.8 
28 38.3 

II SEPLICATION 

37.9 

0 40.3 39.2 
3 43.3 45.6 
7 41.7 46.0 

14 37.2 40.0 
28 34.1 34.5 
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seem to have the significance that it had in the case 

of the strawberries. Statistical analysis showed that 

there was no significant difference in the absorbance 

between the fruit processed in cans and the fruit pro- 

cessed and stored in Jars, for the storage time and 

temperature used in this experiment. 

Hunter Color Meter 

The L, aL and bL scales of the Hunter Color Meter 

were used for the determination of the color of solid 

samples taken from the cans or the jars. The standard 

"Panel 70 Red" was used for the standardization of the 

instrument, as in the case of the strawberries. The 

data obtained itom these measurements are tabulated in 

Table 5. 

The L reading remained almost constant during stor- 

age. The aL reading decreased with storage time. At 

the end of the 2@th day of storage the aL reading was 

about one-half of the value immediately after processing. 

The bL reading decreased during the first week of storage 

and after that it remained practically constant. The 

plot of any one of three Hunter readings against time 
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Table 5 

Mean Values of Hunter Color Meter Readings 
- for Processed Raspberries 

Days After CANS JARS 
Processing ■ L aL  bL  a/b 

X REPLICATION 

L aL *L a/b 

0 17.6 16.9 6.1 2.7 18.3 17.5 6.6 2.7 
3 17.4 13.9 5.1 2.7 17.7 17.2 5.6 3.0 
7 17.6 13.3 4.9 2.7 17.6 15.0 5.2 2.9 

14 17.7 12.2 4.9 2.5 17.0 12.5 4.7 2.7 
28 17.9 7.5 4.9 1.5 

II REPLICATION 

18.6 9.8 5.3 1.8 

■ o. ■ ■ 17.0 15.8 5.8 2.7 17.7 16.9 6.6 2.6 
3 17.4 15.2 5.3 2.8 18.1 15.0 5.3 2.8 
7 17.3 14.0 4.8 2.9 17.3 13.2 4.7 2.8 

14 17.3 9.9 4.7 2.1 16.4 12.4 4.6 2.7 
28 18.2 7.1 4.8 1.5 18.1 9.0 4.8 1.9 
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did not give a straight line. 

The same  is true for the plot of the Hunter 

readings against absorhance. 

Correlation of the absorhance with the Hunter 

readings appeared more difficult than in the case of 

the strawberries. The a^ value decreased with the 

storage, while the absorbance increased the first days 

of the storage. 

The difference in Hunter readings between the fruit 

processed and stored in tin and glass containers was not 

significant. The L and bL values were almost the same, 

while tr.ore definite differences existed between the 

a^ values. 

3.  Marion Blackberries 

Absorption Spectrum 

The same technique was used for the preparation of 

the sample which was presented to the spectrophotometer. 

The dilution was 1:25 and the pH 3.4. The spectrum was 

taken from 700 to 400 mu. The results are tabulated in 

Table 6. 
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table 6 

Means o£ Absorbance at 508 mi of Diluted Liquid 
(Dilution li25, pH 3.4) of Processed Blackberries 

Days After % Absorbance 
Processing CANS 

I    REPLICATION 

JARS 

0 57.3 57.6 
3 61.5 61.1 
7 61.3 58.2 

14 53.9 54.8 
28 48.3 

II REPLICATION 

50.5 

0 59.7 56.1 
3 59.4 52.9 
7 55.6 54.2 

14 53.4 48.0 
28' 42.1 38.7 
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There is only one peak of absorption in this region 

of the spectrum. The wavelength of this peak was 508 ma 

and remained constant during storage. The absorbance 

at 508 mi underwent a slight increase the third day of 

the storage and after that showed a continuous decrease. 

This increase did not appear in the second replication. 

The rate of degradation of the pigment of the blackberries 

was similar to that of the strawberries. The diffusion 

of the blackberry plgsoent froea the solid phase to the 

surrounding liquid phase was faster than in the rasp- 

berries and the equilibriuro of the pigment between the 

solid and the liquid phase was attained during the thermal 

processing or in the first three days of storage. 

An appropriate amount of fresh blackberries was 

mixed with buffer and homogenized In a Waring blender. 

The mixture was filtered and diluted to 1:25 in relation 

to the original amount of the fruit. The pH of the final 

solution was 3.4. This solution showed an absorbance 

65.0% at 503 mi.    Statistical analysis showed that there 

is no significant difference in the absorbance at 503 mi 

between the blackberries processed and stored in tins and 

those processed and stored in glass containers. 
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Hunter Color Meter 

As in the previous fruits, the L, aL and bL scales 

of the Hunter Color Meter were used for the deterosina- 

tion of the color of solid samples taken from the cans 

and the jars. The standard "Panel 70 Red" was used for 

the standardization of the instrument. The data ob- 

tained from these Eseasurements are tabulated in Table 7. 

The L value increased after 14 days of storage. At 

the end of the 28 days the L value had the highest values 

obtained in this experiment. The a^ value increased the 

first three days of storage, showed a slight decrease 

the seventh day and increased again towards the end of 

the storage period. The b^ value remained almost con- 

stant. The Hunter Color Meter readings for blackberries 

did not show the regular changes found in the corres- 

ponding readings for strawberries. The L reading showed 

the largest value the 23th day of the storage. 

The plot of any one of the L, aL and bL against ticse 

did not give a straight line. The sanie was the result of 

the effort to relate the Hunter Color Meter readings and 

the absorption at 508 ma.    Between the readings for 



Table 7 

Mean Values of Hunter Color Meter Readings 
for Processed Blackberries 

60 

Days After cms JARS 
Processing L 

I REPklCATM 

t aL \ a/b 

0 14.4 6.8 2.5 2.7 14.5 7.0 2.7 2.6 
3 14.7 6.7 2.4 2.8 15.2 9.0 2.S 3.2 
7 14.5 9.6 2.8 3.4 14.5 9.1 2.8 3.2 

14 16.1 5.5 3.0 1.8 14.7 6.5 2.6 2.5 
28 16.8 4.6 3.6 1.3 

11 BEPLXCATIQH 

16.3 4.7 3.6 . 1.3 

0 15.0 6.3 3.2 2.0 14.4 6.2 3.0 2.1 
3 15.7 5.9 3.3 1.8 15.3 6.3 2.7 2.3 
7 15.3 6.3 3*2 2.0 14.7 6.3 2.7 2.3 

14 16.1 4.1 3.4 1.2 16.0 5.4 3.5 1.5 
28 16.1 4.6 2.1 2.2 16.0 4.4 2.1 2.1 
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fruit processed and stored in tin and glass containers, 

there was no significant difference. 

4.  Jersey Blueberries 

Absorption Spectrum 

Appropriate amounts of liquid taken from the cans 

or the jars were diluted with citrate buffer and the pH 

was adjusted to 3.4. As in the case of the three other 

berry fruits the spectrum of the diluted solution was 

taken in the region 700 ma to 400 ma.    In  this region of 

the spectrutie, only one peak appeared at 519 tm  (Fig. 2). 

The wavelength of this peak remained constant during the 

storage period. The means of the absorbance are tabu- 

lated in Table -3. The absorbance changes with the time 

of the storage. The maximum value of absorbance was 

obtained at the end of the first week of the storage at 

100° F. The diffusion of pigment from the solid phase 

to the liquid phase was more rapid than the degradation 

of the pigment. 

In this respect, the blueberries behaved more like 

the raspberries and blackberries than strawberries. 
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Table 3 

Means of Absorbance at 519 ntu of Diluted Liquid 
(Dilution 1:25, pli 3.4) of Processed Blueberries 

Days After % Absorbance 
Processing CANS JAES 

I EEPLICATXQ^ 

0 10.5 10.8 
3 15.9 16.3 
7 21.9 21.0 

14 22.3 19.4 
28 19.0 19.6 

II REPLICATIOH 

0 21.3 23.0 
3 25.2 24.9 
7 26.5 29.3 

14 22.6 23.3 
28 22.3 21.9 
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In general, the pigment diffused from the solid phase to 

the liquid phase of the can or the jar, till equilibrium 

was attained. In strawberries the equilibrium was 

attained during the processing, so the diffusion rate 

was nil during storage and the decrease in absorbance 

occurred from the beginning of the storage period. In 

raspberries, blackberries and blueberries the diffusion 

was ciore significant than the degradation of the pigment 

and the absorbance increased during the first week of 

the storage in spite of the anthocyanin degradation. 

A fresh sample froes the first replication showed an 

absorbance of 32.0% at 519 IBU, pH 3.4, dilution 1:25. 

Under the same conditions the fresh sample of the second 

replication showed an absorbance of 39.0%. There was no 

significant difference in the absorbance between fruit 

processed and stored in tin or glass containers, at the 

5% significance level as statistical analysis of the 

results tabulated in Table S showed. 

Hunter Color Meter 

As in strawberries, raspberries and blackberries 

the L, aL and bL scales of the Hunter Color Meter were 
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used for the color measurement, with the difference that 

the standard "Panel 45 Royal Blue"' was used in the case 

of the blueberries. The results are tabulated in 

Table 9. 

the L value remained alisost constant during storage. 

The a^ and bg. values did not show significant differences 

with the storage time.    The a/b represents the change in 

hue. In general, the Hunter readings showed little 

change during storage. 



Table 9 

Mean Values of Hunter Color Meter Readings 
for Processed Blueberries 

65 

Days After CMS JARS 
Processing L 

I 

bL  a/b 

REPLICATION 

L aL h. a/b 

0 12.1 6.6 -1.2 -5.5 12.3 6.4 -1.9 -3.3 
3 11.2 6.8 -1.5 -4.5 11.7 7.0 -1.9 -3.7 
7 11.2 6.9 -1.5 -4.6 11.2 7.6 -1.7 -4.5 

14 11.4 8.3 -1.9 -4.4 13.0 8.7 -1.9 -4.5 
28 13.7 7.1 

II 

-3.4 -2.1 

REPLICATION 

13.5 9.0 -3.3 -2.7 

0 10.9 4.4 -1.6 -2.8 10.0 5.0 -2.6 -3.1 
3 10.5 5.1 -1.8 -2.8 10.9 5.2 -1.8 -2.9 
7 11.0 5.7 -1.5 -3.8 10.4 5.7 -1.7 -3.4 

14 12.9 5.9 -3.2 -1.8 12.9 6.1 -3.3 -1.9 
28 11.7 6.2 -2.3 -2.7 11.8 6.1 -2.2 -2.8 
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SUMMARY AND CONCLUSIONS 

In this thesis a study was made of color changes 

in strawberries, raspberries, blackberries and blue- 

berries spin-cooked and stored at 100° F. for a period 

of four weeks. 

The results indicated the following conclusions: 

1. There is no appearance of new peaks or shift 

of the wavelength of the peaks of absorption in the 

spectrum from 700 ma to 400 JHU, as a result of the 

processing or storage. 

2. The absorbance in the case of the strawberries 

decreased with the process and the storage right froos 

the beginning of the storage. The absorbance in the 

cases of raspberries, blackberries and blueberries 

increased during the first days of storage and decreased 

after that. 

3. The L, aL and bL Hunter Color Meter values 

changed with storage tiose. In strawberries and rasp- 

berries the values decreased, in blackberries and blue- 

berries the values Increased the first days and decreased 

after that. 
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4.  There was no significant difference at the 

5% level in any on© of the above discussed changes 

between berry fruits processed and stored in tin and 

glass containers for a storage tiiee of 28 days at a 

temperature of 100° F, 
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