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This study was undertaken to investigate the variation in

the total sugar and acid content of the frozen Marshall strawberries

grown in different areas of the Pacific Northwest.

The samples used in this study were collected from different

freezing plants located in the states of Oregon and Washington during
the 1949 strawberry season. Forty-four samples of Marshall straw-

berries were analyzed.

For total sugar determinations a modification of the Shaffer

axi. Somogyi method was used. The average value found for total sugar

was 7.56 per cent. jrhe glass electrode was used for the determination

of total acidity. The average value found for total acidity was 0.99

per cent. Soluble solids determined by the Bausch and Lomb band

refractonter had an average value of 9.90 per cent. The average pH

value for all samples was 3.36.

The sugar and acid content of these Marshall straerries
showed most frequent distribution in the range from 7.1 to 9.0 per

cent and 0.91 to 1.1 per cent, respectcLve3y. Soluble solids were most

frequent in the range from 8.1 to 11.0 per cent.

No relationship was found for total sugar and acid content.

Soluble alids were found to have a definite relationship with total

sugar content.

Marshall strawberries grown in different areas of Oregi

varied in total sugar and acid content. Generally, strawberries grown

in warm areas and mature berries tend to have a higher sugar content.

Berries grown xi the hillsides and less mature berries tend to have a

lower sugar content, The weather conditions apparently affect the

sugar and acid content o± Marshall strawberries greatly.
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VARIATION IN THE SUGAR D ACID CONTENT
CF FROZEN MARSHALL STRAWBERRIES GRONN IN
DIFBENT AREAS OF THE PACIFIC NORTHWEST

I Introduction

Strawberry production is the nest important sniall fruit crop

in the Pacific Northwest and in the United States (23). In 1948

strawberry production in Oregon s 16.4 per cent, and Washington was

10.7 per cent, of the tots]. tonnage produced in United States. In

1948 Oregon produced 1,650,000 crates while Washington produced

924,000 crates. The other leading strawberry producing states are

Califonnia, Louisiana, Tennessee, and Virginia (15).

The strawberry has the ability to grow from sea level up to

an elevation as high as 32,000 feet, in humid and dry areas, and in

shorf, and longLday regions. Combined with its versatility of growth

are its importance as the first berry to ripen during the season when

few other local fruits are available and its dessert and processing

qualities which now include preserv.ng, canoing and the most important

of all freezing with igar or syrup (21).

For desirable freezing preservation, a strawberry should

have a pleasing potent flavor and acidity which should be retained

during a long period of freezing storage. The berries should be of

uniformly good size and of finn texture. On thawing, the berries

shi1d not collapse badly or lose a large quant.ty of juice as 1eaI

age. Berries frozen in large containers which may be used for

preserve nmnufacture, should remain plump and not break or mush up

during cooking with sugar (30).



The Marshall strawberry possesses most of the requirements

for freezing and is considered to be the best varie used for freez-.

ing in this country (30). It is the nst wide]r grown variety among

the strawberries in the Pacific Northwest. It originated in Massa-

chusetta and it was introduced into Oregon in 1S90. Sometimes it is

known under other names such as Oregon, Banner, Oregon Plum, Pacific,

and Dewey. It serves as the standard by which all other varieties are

now judged in Oregon (31).

In coimiercial practice, the strawberry is packed with sugar

or syrup to improve its flavor and to protect it against oxidation

duo to contact with air. The desired amount of sugar to be added Is

set by the sugar and acid present in the product. When the sugar and

acid content of the specific variety is known, then the processor can

readi]y adjust the sugar and acid ratio to arr desired value. This is

a quality advantage as well as an economical one.

This investigation was undertaken to study the relationship

of sugar arid acid present in the Marshall strawberry because this

relationship is very important in the commercial freezing of this

fruit. The specific problem consists of

1) the determination of the content of total sugar and total

acidity in frozen Marshall strawberries.

2) the determination of soluble solids and pH value.

3) the investigation of the relationship between sugar and

acid.

4) the comparison of the soluble solids content with the

total sugar content.
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The fourth problem was brought under this study because

chemical ana]ysia for sugar in the laboratory is time..consuining and

highly technical and may not be desirable in commercial practice.

Since the soluble solids can be determined quickly and accurately

by the hand refractometer it is advisable to check the correlation

between the total sugar &id the soluble solids.
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II Literature Review

In judging the quality of straw'oerries that are best for

freezing preservation, many factors; such as color, texture, freedom

from defects, sugar and acid content, and astringency should be taken

into consideration. It should be noted that color and texture are

important in the frozen berries after thawing as well as in the fresh

fruit. Schrader and Scott (25) stated that the varieties and sections

which appeared to be useful for freezing are based on fresh eating

quality, the red color of the f]esh, and the firmness of the flesh.

Cu].pepper, Cald'wefl and Moon (7) had the same point of view when they

stated that the standard quality applied to commarcia]. berries is

based upon the appeal that the fruit makes when eaten in the fresh

condition and sweetness is a primary consideration. Here, in con-

sidering acidity Robinson et (22) suggested that sub-acid to acid

in flavor can be adapted for freezing.

In the process of freezing preservation considerable

quantities of sugar are added to the fruit in the form of dry sugar

or syrup. The resulting interchange with the tissue fluids of the

fruit brings the change in the flavor of the fruit insofar as the

ba3ance between the sugar and acids is concerned (7). To have a bait-

ance between the sugars and the acids, the percentage of total sugar
and acid present should be determined before the desired amount of

sugar or syrup is added.

The content of total sugar and total acid varies with differ

ant stages of maturity. Culpepper, Caldwefl, and Moon (7) observed

that for young fruit, the titratable acidity generally Is quite high
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and the total sugar content is relatively low. Free reducing sugar in

most cases makes up 60 to 90 per cent of the total sugar content. At

the stage of whitening, total sugar increases markedly, titratable

acidity increases up to maximum point from which it declines rather

rapidly. Thiring the ripening stage, total sugar increases and the

reducing sugar conrises 80 to 90 per cent of the total sugar present.

Titratable acidity decreases rapidly. Nelson (18) reported the acids

of the strawberry ccrisisted of a iiixbure of about 10 per cent of nmlic

acid and 90 per cent of citric acid. Consequently for the strawberry,

the total aciditr is calculated and reported as percent citric acid.

The sugar and acid content of strawberries are affected by

the weather and growing conditions. Schuphan (26) stated that warm

weather produced berries with high sugar, and moderate acid content.

Bad and rainy weather and low temperatures produced berries with low

sugar and high acid content. Kudryavtseva (14) pointed out also that

an abundance of rain increases the moisture content and decreases the

total sugar content of the strawberry. Dry weather causes a decrease

in the moisture content and an increase in the sugar content. Cu].

pepper, Caldwell, and Moon (7) explained this phenomena as foflows:

during a period of deficient moisture supply and favorable conditions

for photosynthetic activity, the growing fruit would show a rise in

sugar content; under the opposite conditions a decrease would occur.

Consequently the composition of the fruit as regards sugar and acid

content at any point in the period of rapid growth is determined by

the rate at vthich absorption of water is occuring in its relation to

the XE tea of photosynthesis and respiration.



It seems that a correlation between sugar and acid content

can be expected because as fruit ripens the total sugar increases

and the total acid decreases. However, the results obtained by Gui

pepper, Caidwell, and }on (7) showed no indication of correlation,

He explained that this absence of correlation must mean that saiü

factor not accmted for affects one of these constituents without

affecting the other. Such factors may be environmental ones.

Determination of Reducing Sugar

Carbot&ydmtes are aldehyde or ketone derivatives of po).y...

ric alcohols and usually the molecule contains one carboxyl and one

or more hydroxyl groups, which are present in the free state in simple

monosaccarides. The principal chemical method for determining sugar

are based upon the property, which all aidehyde and ketone have, of

reducing alkaline solutions of certain metallic salts. The higher

sugars and non-.sugar reserves must be hydrolyzed to free the carboxyl

groups before their determination can be made (10, 12). This is

accomplished either by enzyme hydrolysis or by acid hydrolysis.

In the preparation of plant extracts, for sugar analysis,

clarification is necessary for the removal of nom.sugax-reducing sub

stances to avoid the interference of reduction by these substances.

Saywell and Philips (24) reported that a solution of invert sugar

analyzed by the copper reduction and iodine method is most satis

factorily clarified by neutral lead acetate and sodium oxalate. Other

c1arifring agents, such as neutral and sodium lead acetate and
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potassium oxalate, produce satisfactory clarification.

One of the most wideiy used methods for the deterstion

of reducing sugar is the use of Fehling 's solution. Fehlirig in 1848

first worked out this process by employing the copper sulfate and

alkaline tartrate reagents (5, p.745). Henceforth meny modifications

have been developed by many investigators to apply to a particular

need. Woodman (34) stated when Fehling's solution is used, the per-

centage of sugar can be estimated either 1) by determining the volume

of sugar solution required to precipitate a measured amount of the

copper solution, or 2) by weighing or otherwise determining the

euprous oxide reduced from an excess of the copper reagent by a

measured quantity of the sugar solution.

In volumetric analysis the most common method used is Lane

and Eynon's method (5, p.753). This method is based on the fact that

Fehling's solution is reduced and complete]y decolorized by minute

amounts of reducing sugar, as long as any cupric salt is absent. The

mathylene blue is used as the inside indicator. It is a short and

rapid method for the determination of reducing sugar.

One of the official methods of the Association of Official

Agricultural Chemists used for gravimotric ana3ysis is the Allihn

method (1, p.5)2). In addition to the reduction of cupric oxide to

cuprous oxide, it involves the further reduction of the cuprous oxide

to metallic copper after it has been treated with Fehling' a solution.

However, this method can be used only for the determination of glucose.

Leach (16) expressed his view that personally he prefers the O'sullivan

method because of its comparative simplicity and one can determine
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maltose and lactose as well as glucose.

The most common gravimetric method used today is the Munson

and Walker (1, p.506) method. The copper reagent used in this method

is the Soxhiet modift cation of the Febling reagent. The resulting

material is weighed as cuprous odde. Hassid (11) states that this

method gives satisfactory results only when the sample contains a

large amount of sugar. The Committee on Methods of Chemical Analysis

of the American Society of Plant pIrsiologists (6) referring to these

methods states, "as a general rule, reduction giving less than 20

mil].igrains of copper should not be weighed directly, and even at this

figure the percentage of error is high". Jacobs (13) states that if

the precipitate in the Munson and Walker method is contaminated in

any way, it is best to determine the amount of copper by dissolving

the ouprous ozide in nitric acid aid then by finishing the analysis

with the iodo-.thiosu1fate method.

Shaffer and Hartman (28) reported that after heating

Fehling's solution or a similar alkaline copper solution with a

reducing sugar, the solution contained the o:xidation products of the

sugar, an excess of the euprie salt and the suspended cuprous oxLde.

These last two products can be determined by means of the iodometric

titration. In the case of cupric salt it is completely converted into

cuprous iodide with the liberation of an equivalent amount of iodine.

In the case of cuprous salt it is completely oxLdized to cupric salt

in the presence of a known excess of iodine with the conversion of the

corresponding amount of iodine into iodide. The iodine formed from

iodide in the first case, and the excess iodine left in the second



case, are determined by titration with standard thiosulfate, starch

being used as the indicator. They stated further that this method

has been applied to the determination of small quantities of sugar

present in a sample.

For the determination of a small amount of reducing sugar

present in a sample, Hagedorn-Jensen (12) added alkaline potassium

ferricyanide to a solution of the reducing sugar and the excess

ferricyanide was determined by the iodine-thiosulfate titration. The

amount ol' ferricyanide reduced by the sugar is obtained by difference.

However, this method required very careful manipulation. Wliitemoyer

(32) employed a modification of the ferricyanido method. The ferrocy-

snide which formed in the solution, is titrated with a standard solution

of eerie sulfate after acidifying with sulfuric acid. Aiphazurine is

used as the inside indicator, He claimed that this direct method

required no great skifl in manipulation.

Best and Peterson (3) applied a similar principle for the

determination of cuprous odde through the reduction of ferric
ammonitmi sulfate with subsequent titration of the ferrous ion with

eerie su1Ite. They concluded that this method gives a sharp end point

with the 0-phenanthroline ferrous complex as the indicator and the eerie

sulfate solution is very stable offering no interference with the

indicator,

For the determi.nation of a very small amount of reducing sugar

Shaffer-.Somogyi's method (9) has been modified in various laboratories

for the routine analysis of reducing sugar in biological products.

Somogyi (29) points out that the copper reagent used here is more
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specific than the ferricyanide solution used in the HagedornJensen

method. It means that the ferricyanido solution oxidizes substances

other than sugar to a greater extent than the cupric ion. Another

important advantage of this method is the elimination of the reoxLda

tion of cuprous oxide by introducing sodium carbonate into the reagent.

From the standpoint of determining minute amounts of reducing sugar

this reoxidation action affects appreciably the accuracy and reproduc

ibility of the results. Heinze and Murneek (12) compared the accuracy

and effidanoy of severs]. common methods used in the determination of

carbohydrates. They coxRluded that Shaffer.-$omogyi'a method is

accurate and convenient.

Forsee (8) reported the estimation of glucose by measuring

the change in color of the yellow ferricyanide solution to colorless

ferrocyanido solution when an excess of alkaline ferricyanide solution

is heated -with the solution containing the reducing sugar. The reduc-.

tion in color is proportional to the quantity of sugar present. This

color decrease is measured then quantitatively in a photoelectric

colormeter. A standard curve relating reducing sugar concentration

to the reading for the colorimeter is prepared for routine use. He

claimed that this method is rapid and accurate, and that the procedure

is simple (1?).

Later Benham and Despaul (2) applied the molybdenum blue

reaction for the direct co].orimetric determination of glucose. This

method involves the formation of a heteropoiy complex with molybdate

and phosphate, and its subsequent reduction to molybdenum blue upon

heating with the solution of the reducing sugar. The intensity of the
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color increased with heating time. This method is suitable for the

determination of glucose in the presence of moderate amounts of SUCrO8e

and other di-and tri-aaocharrides.

Nelson (19) adapted Somogyi's reagent with added arsenomo-

lybdate reagent for the photometric determination of glucose. This

method is carried out by the omission of the iodide and iodate in the

reagent. The presence of these chemicals interferes with the develop-

ment of color by the molybdate reagent. He pointed out also that this

method gave satisfactozy stability ath reproducibility of the color and

it can be used in a photometric procedure for practicál.ly all the uses

for which the trimetric procedure is adapted.

Determination of Titratable Acidity

The most common methods applied for the deterntinat.c of

titratable acidity are the two methods described by the Association of

Official Agricultural Chemists (1, pp.328-329). One of these methods

is based on the neutralization of the acid present in the 8ample with

0.1 normal alkali using phenolphthalein as the indicator. The other

method employed the glass electrode for the titration of the prepared

solution of the sanpie with 0.1 normal alkali to a desired pH value

without adding an indicator.

Boflinger (4) suggested that the juice be titrated to pH 8.1

in order that the end point u1d agree closely with the end point in

the phenolphthalein titration. Pedorson and Beattle (20) used different

pH values as the end point of the titration ar they concluded that if
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the titration is completed before or beyond pH .1 one might attain a

slight variation in the value for titratab].e acidity.



III Experimental Procedurea

Descri of Frozen_Marahall Strawberry Samples

During the 1949 strawberry season, which lasted from May 15

to July 15, samples of Marshall strawberries were collected from dif'

ferent freezing plants located in the states of Oregon and Washington.

The samples were collected from the sorting belts just before the fins].

packing, For the present investigati.on whole berries were packed in

one-pound containers and frozen without the addition of sugar. All

the samples were frozen and stored at 0 F for about nine months.

Preparation of the Strawberry Samples

The samples were removed from the 00 F room atxl kept over

night at 34° F. After 15 to 20 hours, the samples were allowed to thaw

out at room temperature. Other nthods of thawing at higher temper-

attire were tried but the thawed product became rather soft and mushy.

When the berries were thawed at lower temperatures, they were very

firm and the product was much more satisfactory. Thawing at low

temperatures was adopted for the present investigation.

After the samples were thawed a puree of 150 grams of the

sample was prepared by using the RYP juicer. It runs at a speed of

5000 r.p.m. aid operates on the same principle as a centrifuge, where-

by all seeds are practically removed and the puree so obtatned is

uniform and consistent in character. It was observed during the

investigation that when the samples of the same weight were taken, the

fins], weight of the puree remained practically the same in all cases.
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Puree was prepared also by using a Waring blender and a copper screen.

The Waring blender incorporates much air and the seeds are not removed

by this procedure, which produced variable results. The copper screen

is responaible for changes in the color of strawberries due to catal-'

ytic oxidation of the anthocyanin pigments. Thus, puree prepared by

the RP juicer was the most satisfactory for the present investigation

(27).

Determination of Reducing Sugar

The method used for the determination of reducing sugar was

based upon a modification of Shaffer and Somogyi's method (9). The

amount of reducing sugar found in the unknown sugar solution was cal

cula ted as the percentage of g)ucose present in the sample.

Tweni- grams of puree prepared with the puree machine were

weighed and then washed into a 500 nil, volumetric flask with distilled

water. It was made up to volume and shaken thoroughly for a few min-

utes. A 50 ml. aliquot was pippetted into a 100 nil, beaker, then

clarified with neutral lead acetate solution (2). After the clarifica-.

tion was complete, the solution was transferred into a 100 ml. voluim-

etric flask and made up to the mark. A 5 ni. aliquot of the test
solution was pippetted from the 100 ni. volumetric flask into a 25 x

100 m.m. Pyrex test tube and mixed thoroughly with 5 ml. of the sugar

reagents which were previously prepared as directed by Fu1nr .t ml

(9). The tube was fitted with a rubber stopper provided with a short

piece of capillary tubing. The tube was immersed then in a boiling
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water bath and heated for 30 minutes as previously determined (see

Figure 2 on page 16). The contents of the tube were cooled by running

water, 2 ml. of the potassium iodineoxalate aoluticm were added, and

the solutLon was mixed thoroughly by aking. To this mixture 1 ml.

of the 7,5 normal sulfuric acid was added carefully and mixed by slowly

revolving the test tube until the Lrst violent evolution of carbon

dioxide had subsided; then the solution was mLxed thoroughly by shaking.

Sufficient time was allowed for all the cuprous oxide to disso1ize The

excess iodine is titrated finally with the standard sodium thiosulfate

solution using the starch indicator near the end point. A blank was

run in exactly the sane maimer using 5 ni. of water as the test sample.

The difference, corresponding to the volume of standard thiosulfate

solution consumed by the cupous oxide is converted into milligrams of

sugar per 5 ml. of solution by reading from the standard curve in

Figure 1. Then the milligrams o± sugar found are converted to the pei

centage of reducing sugar in the strawberry sample.

Method fw Inversion

Fifty ml. of the clarified solution was pippetted into a 100

ml. volumetric flask and neutralized with dilute hydrochloric acid.

Then 10 ncL of HC1 (Sp. Gr. 1.1029) was added and set aside for 24

hours at a temperature not below 200 C (1, p.503). When the conversion

was completed, the sample was transferred into a 100 ml. beaker and

neutralized with sodium carbonate using bromothymol blue as the mdi
cator. Bromothyinol blue baa a pH range of 6 to 7.6. In the presence
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of acid solution it turns yellow and in basic solution it turns blue.

The soluti. on was transferred back into the 100 ui. volumetric flask

and made up to volume. Then the sample was analyzed by the same

method as for the reducing sugar.

Determination of Titratab].e Acidity

The titration method, based on that described by the Associa

tion of Official Agricultural Chemists (1, p.329) was used in determin

ing the titratable acidity of the strawberry. Ten grams of strawberry

puree were weighed and diluted with freshly boiled water in a 250 ml.

beaker. Then the diluted sample was titrated 'with sodium hydroxide of

0.0983 normal, using the glass electrode of a Beckman pH meter to

determine the end point for the titration. The end point of the titra-

tion is at pH 8.1 ± 0.2. The final acidity was calculated as the per'.

centage of citric acid present in the sample.

Determination of Soluble Solids

The Bausch and Lomb hand refractometer was the instrument used

in this investigation. The roceduxe for the determination is based on

that described by the Association of Official Agricultural Chemists (1,

p.429). The puree after thawing from the frozen state was stirred

tho roughly to obtain a unifonn sample. One drop. of the sample is

placed on the surface of the lower prism. Close the prism and let it

stand for 4 to 5 minutes before the reading is taken. Care should be
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taken to avoid any contacts of the fingers with the thernme tar attached

to the side of the refractometer. This theraometer is provided for

the temperature correction arI any contacts with the hands or fingers

will influence the temperature, and thus affect the accuracy of the

reading.



IV Results and Discussion

The standard curve showing the relation between the 'volume

of standard sodium thiosulfate solution axid the milligrams of reduc-

ing sugar is illustrated in Figure 3.. WAll the strawberry samples fefl

within the range shown in Table 1.

Table I

Relation Between the Volume of Standard Thiosulfate
Used and the Reducing Sugar Value

Glucose in Mifligrams* ni. of Thiosulfate Solution**

2 -------__- 1.82

4 ----------------- 3.57

6.----- -- ----- -' 5.38

S- ------------------- 7.18

10 ------ --- 9.96

* Value for 5 ml. of the sugar-containing solution.

* Sodium thiosulfate solution is 0.0525 N.
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The effect of heating the solution for various periods of

time in relation to the milligrams of reducing sugar found is illus

trated in Figure 2.

This discussion of results is confined to the samples of

Marshall stra*berries processed during the 1949 season. The data for

soluble solids, pH of the fruit, total sugar, total acidity, and sugar

acid ratio are tabulated in Table II.

Variations in total sugar, tots]. acid, and soluble solids

in these values will be affected by the composition of the soil,

weather and processing conditions. Rain during part of the harvest

season would affect adversely the sugar and soluble solids contents

of the berries picked immediately after the rainy spell. Some proces

sing plants leave more moisture on the berries than other plants do.

Strawberries picked early in the season and picked later in the

season exhibit differences. Generally, berries picked early in the

season are low in sugar (Figure 4). Immature berries may be included

in the early pickings.

For the samples analyzed the average sugar content of the

Marshall strawberry in the Pacific Northwest is 7.56 per cent. This

value is higher than the value, 5.00, reported for varieties grown

in the east (7). On the other hand, the average acidity in this area

is 0.98 per cent which is considered in the medium range for total

acidity.

For the samples analyzed the soluble solids averaged 9.90

per cent. This is higher than the average value, 6.98, per cent

calculated from Robinson's data (22) for strawberries of many varieties



Table II

Analytical Data for Frozen Marshail Strawberries

Total Total Siigaiacid
Code No. *Date Soluble Solids *pH value Sugar Acidity Ratio

6 A 5/30 7.90 3.35 5.50 0.74 6.7

8 u 8.20 3.30 6.74 0.94 7.10

45 F 5/33. 10.00 3.42 8.10 0.99 8.20

28 A 6/1 8.50 3.20 6.54 0.82 8.0

42 2 9.50 3.29 7.25 1.08 6.7

48 B 2 10.75 3.33 8.23 1.3.0 7.5

U E 3 8.25 3.40 5.36 0.98 5.5

32 G 3 10,00 3.26 7.65 1.34 7.00

12 W 4 8.80 3.26 5.94 0.97 6.10

1U W 4 9.25 3.22 7.15 1.05 6.80

49 C 6 8.00 3.34 5.83 0.94 6.20

39 C 7 8.25 3.33 6.36 0.93 6.80

35 E 7 8.25 3.36 6.30 0.82 7.70

105 9 10.25 3.34 8.43 1.00 8.40

26 9 9.50 3,4]. 7,23 1.08 6.70

25 A 9 10.50 3,42 7.58 0.86 8.80

46 C 10 9.00 3.26 6.57 1.16 5.70

7 E 10 8.75 3.30 7.05 0.93 7.60

19 C 10 10.00 3.45 7.01 0.85 9.40

20 C 10 8.50 3.31 6.40 0.90 7.10

9 U 9.50 3.43 7.98 0.92 8.70

17 G 11 9.75 3.40 7.54 0.83 9.10
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Table II (Cont.)

Total Total Sugai'acid
Code No. *flate ].ubi Solids *3EDH value Sugar Acidity Ratio

10 D 11 9.25 3.39 5.36 1.02 5.30

18 1) 11 8.50 3.34 5.24 0.99 5.20

36 F 23 10.40 3.46 8.25 0.85 9.70

120 13 10.50 3.22 7.65 0.97 7.90

.122 F 13 9.75 3,22 7,42 0.80 9.30

38 A 14 10.60 3.40 8.48 0.87 9.70

41 10.10 3.52 8.14 0.88 9,20

109 14 9.60 3,47 7.52 0.97 7.80

43 G 15 11.25 3.45 8.73 1.12 7.80

27 G 15 11.00 3.43 8.78 1.07 3.20

22 B 16 11.75 3.40 9.06 1.01 9.00

24 16 10.25 3.36 7.67 1.02 7.50

40 16 9.25 3.42 7.05 0.93 7.60

16 E 16 12.20 3.30 9.50 0.98 9.70

21 B 16 11.75 3.40 9.35 1.12 8.40

33 B 16 12.25 3.46 9.78 1.16 8.40

103 B 16 11.25 3.40 9.17 1.10 8.30

31 17 10.90 3.49 8.33 0.95 8.70

16 D 19 10.50 3.30 8.46 1.06 9.3.0

34 D 19 11.50 3.48 8.41 1.09 7.70

44 22 11.25 3.32 8.64 1.09 7.90

47 F 25 11.00 3.62 8.89 1.01 8.90

* This date refers to the processing time.

** These values were determined by Shah (27).
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grown in New York State. Sugar, acid and soluble solids distributions

are iUustratd in Figure 3. In spite of the variations the total

sugar tends to concentrate in the range from 7.1 to 8.0 per cent and the

total acid in the range from 0.91 to 1.0 per cent, respectively. The

total acidity showed a tendency to be distributed more at a higher

concentration than at a lower one. This may be an indication that the

decrease in total acidity at prime maturir is only very slight.

Soluble solids concentrated in the range front 9.10 to 11.0 per cent.

The definite relationship between the soluble solids and

total sugar content is shown in Figure 5. .An increase in the soluble

solids was paralleled by an increase in the total sugar content of the

strawberries. On the average, the soluble solids has a value 2.34

units hLier than the total sugar content. For the strawberries

analyzed, a rough approxiination for the total sugar would be quickly

determined by subtracting 2.34 from the value for the soiLible solids.

Vhether this figure would be applicable for Marshafl strawberries taken

off the sorting belt during any processing season, could be determined

only by checking many more samples for at least several additional

seasons.

As the fruit became more mature the sugar content increased

(7). Results iflustrated in Figure 4 indicates that the Marshall straw-

berry grown in the Pacific Northwest follows this same pattern. How-

ever, certain variations in total sugar content are very noticeable in

Figure 4. The low values may be due to short periods of rainy weather

or they may reflect varying processing conditions in the different

freezing plants. Failure to remove surplus water from the berries after



IInuuhIup1u1IMIIuuunnh,:nguIuI:Iuu

IUuIuiuuuaamaR uum.
INUURPi IUI 41R1
IIiUUUUNNRN!UIU !AUNI !ANUNii
NUNUNIUNUNNUNNU ruu

!RUU
uuu

RUNrn IUNNENUNUN
uuua RU

!UUN NUUNUNU
.a.

rs.i ua iiu
UNNUNUR rA... URU RUU

RUIN IRRUNRUR UR 'ARNI 'RNR RRRUUNUNUNUN

RUU?IRU1RURUUR RUU UIIR RRU UNRR
INURUN u.aaRu u iuu uI im
UNNUNU .w ua .0

RN
RN.., '

as L'R" 1
:IIIII'RU RRNRRNNURR RN

NNRURUNRRURNRRF!RUNURNNNNUUNRNRRRNNNRNNN
RNURRRRUNURNRRRRRURRRRNRRRRUNNRUURRNRNRURRRU
NRRNNIIRRRRRRNRIRURRRUNUURRRNRURRRNRRNNRURNURU

RN RRRUNRRUNRRRRNRRNRRURNNRRRURNRURNRNURRURRNRR
RNRURNNUNNNRURRRURRNRNURIRRUNRUJRNNNURNRRR



26

INUIflIflUh1flhINU6IHE1IIHiIIAflI1*1mTlull.__IiIIIIH
:nuiiii!EEIii1IUii
111111 I..., OOIIIIPJOIIIl. II 111111*11 I1IIIIOII

llllUllllllll.iUl.UUl.l.lluIlll'lluRl...l,l,l,llllill.I. llllUlliUlllUlllll.

'En"
It'hip",llllliUllllUllllllllllllll

liIIIII!l.==sll.11lllallllll
NIII !!llllullllIl__L.IiflIIII!!IAhIIIIiIII

IIIIIIIIIIIIIIIIUIIII1NAI





washing would produce berries of lower percentage sugar values on

analysis. Of ourse, these two conditions might not be affecting a

particular sample, and this strawberry sample might be normal]y low

in total sugar content. On the other hand, some of the strawberries

were very high in sugar content. The values found in these samples

for tots]. acidity showed great variation. There is no correlation

between total acidity and date of processing. There is no correla

tion between sugar and acid content. This agrees with the work of

Culpepper, Caldwell, and Moon (7). They explained the absence of

correlation between sugar and acid content as due to an environmental

factor.

Marshall strawberries grown in different areas in the Pacific

Northwest have different total sugar and acid contents. These values

for various areas in Oregon are tabulated in Table III. The classifi

cation of the sugar and acid content is shown in Table IV. This classi

fication was based upon the average figure given in Table V. The

classification ranges are a foflows:

High Medium Low

Sugar above .O% 7.OS.O% below 7.0%

Acid above 1.0% 0.9-1.0% below 0.9%

The strawberries from the Forest Grove and Woodburn areas

have a high sugar content which may be due to the warm valley weather.

Strawberries from the Cottrell and Banks areas showed low sugar content

because these berries were grown mainly in sandy soil on hillsides where

cooler temperatures prevail. Generally, berries from warmer areas are

more mature and show a higher sugar content than those grown on hill



sides. This agrees with the results of the Russii investigator,

Kudryavtse'va (14) and the Gernn investigator Schuphan (26).
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Table III

Analytical Data for Frozen Marshall Strawberries
Fron Different Areas of Oregon

Packing Soluble Total Total
Conany Code No, Solids Sugar

A
6 A 7.90 5.50 0.74
28 A 8.50 6.54 0.82
25 A 10.50 7.58 0.86
38 A 10.60 8.48 0,87
Average 9.37 7.02 0,82

B
48 B 10.75 8.23 1.10
21 B 11.75 9.35 1.12
22 B 11.75 9.06 1.01

103 B 11.25 9.17 1.10
33 B 12.25 9.78 1.16
Average 11.55 9.11 1.09

C

49 0 8.00 5.83 0.94
39 C 8.25 6.36 0.93
46 C 9.00 6.57 1.16
19 C 10.00 7.01 0.85
20 C 8.50 6.40 0.90
Average 8.75 6.43 0.95

D
18 D 8.50 5.24 0.99
10 D 9.25 ,.36 1.02
34 D 11.50 8.41 1.09
16D 10.50 8.4k 1.06
Average 9,93 6.86 1.04

35 B 8.25 6.30 0.82
U B 8.25 5.36 0.98
7 B 8.75 7.05 0.93

16 B 12.20 9.50 0.98
Average 9.61 7.05 0.92

F
36 F 10.40 8.25 0.85
122 F 9.75 7.42 0.80

45 F 10.00 8.10 0.99
47 F 11.00 8.89 1.01
Average 10.28 8.16 0.91

G
32 G 10.00 7.65 1.14
17 G 9.75 7.54 0.83
43 G 11.25 8.73 1.12
27 G 11.00 8.78 1.CY7

Average 10.50 8.17 1.04
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Table IV

Variation in the Sugar and Acid Content of Marshall Stra'vberriea
From Different Areas in Oregon

Packing Source of Sugar Acid
Company Berries Content Content

A Stay-ton Medium Low
area

B Forest Gro've High High
area

C Gresham Low Medium
area

D Banks Low High
area

E Cottrefl Low Medium
area

F Woodburn High Medium
area

Forest Grove High Medium
area

G Gresham High High
area
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Table V

Variation in the Analytical Data for Frozen Marshall Strawberries *

Standard
Maximum Reading Minimum Reading Average Deviation

Soluble Solids 12.20 8.00 9.90 ± 1.18

pH Value 3,68 3.20 3,36 ± 0,09

Total Sugar 9,78 5.24 7.56 ± 1.18

Total Acidity 1.16 0.74 0.98 ±0.10

Suga1IAcid Ratio 9.70 5,20 7.80 E 1.20

T}iia data based on analysis of 44 samples of Marshall strawberries.
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Marshall strawberries frozen (no sugar added) in conmercial

plants during the 1949 season were ana]yzed for soluble solids, pH of

the fruit, total sugar, and total acidity.

Soluble szlids determined by the hand refractometer had an

average va]xte of 9.90 per cent. The average pH 'val ue for all samples

was 3.36. Total sugar averaged 7.56 per cent for all samples analyzed.

The total acidiii determined by direct titration with the glass

electrode showed an average value of 0.99 per cent. The sugar'..acid

ratio had an average value of 7.8.

The sugar and acid content of these Marshall strawberries

showed nost frequent distrithxbion in the range from 7.1 to 8.0 per

cent and 0.91 and 1.0 per cent, respectively. Soluble solids were

most frequent in the range from 9.10 to 11.0 per cent.

No 1'elationship was found for total sugar arx acid content.

Soluble solids were found to have a definite relationship with total

sugar. Marshall strawberries grown in different areas of Oregon

varied in total sugar and acid content. Based on average values of

the samples tested, sugar arid acid content wore c]assified into high,

mediuni and low ranges. Generally, strawberries grawn in warn areas

and mature berries tend to have a higher sugar content. Berries

grown ai the hillsides and less mature berries tend to have a lower

sugar content.

The weather condition apparently has a great effect on the

sugar and acid content of strawberries. The data obtained in this

study represents information from the 1949 season.



34

Bibliography

1. Association of official agricultural chemists. Official method
of ana3ysis. 7th edition. Washington, D.C., 1950. 9Olp.

2. Benhaia, G. Harvey and John E. Despau].. A direct colormetric
method for determining carbohydrates. Industrial and engin-
eering chemistry analytical edition 20:933-935. 1948.

3. Best, Albert H., et al. Determination of copper reduced by sugars.
Industrial aid engineering chemistry analytical edition 14:
l45-]46. 1942.

4. Bollinger, H. Report on electrometric titration of acid. Journal
of association of official agricultural chemists 25:412-428.
1942.

5. Browne, A. C. and W. F. Zerban. Physical and chemical methods of
sugar analysis. 3rd edition. New York, Wiley, 1941. l353p.

6. Committee on method of chemical analysis. Plant physiology
2:195-204. 1927.

7. Culpepper, Charles V., Joseph S. Caidwell, and Hubert H. Moon.
A physiological study of development and ripening in the
strawberry. Journal of agricultural research 50:645-696.
1935.

8. Forsee, V. T. Determination of sugars in plant material.
Industrial and engineering chemistry analytical edition
10:411-412. 1938.

9. Fulmer, E. I., et al. A semi-micro method for the determination
of reducing sugar in fermentation media. Iowa Stats College
journal of science 17:251-256. 1942.

10. Gortner, Aiken Ross. Outlines of biochemistry. 3rd edition.
New York, Wiley, 1949. l078p.

U. Hassid, V. Z. Determination of reducing sugar and sucrose in
plant material. Industrial and engineering chemistry analy-
ticaj. edition 8:138-140. 1936.

12. Heinze, H. P. and E. A. Murneek. Comparative accuracy and effic-
iency in determination of carbohydrates in plant material.
Missouri agricultural experiment station research bulletin
314. 1940. 23p.

13. Jacobs, Morris B. The chemical analysis of foods and food produc-
tions. New York, Van Nostrand, 1938. 537p.



35:

14. Kudryavtseva, A. M. The chemical composition of strawberries.
Biokhim Kul'tur Rastenie 7:317-.318, 1940. Chemical abstracts
35:2928. 194.1.

15. Kuhlman, Gustav W. and Curtis D. Muinford. Cost of producing
strawberries for processing in the Willainette valley. Oregon
Agricultural experiment station bulletin 469. 1949. 38p.

16. Leach, Albert E. and Andrew L. inton. Food inspection and
analysis. 4th editLon. New York, Wi]y, 1920. 1090 p.

17. Moroll, S. A. Rapid determination of reducing sugars. Industrial,
and engineering chemistry analytical edition 13:249-251.
1941.

18. Nelson, K. B. The non-volatile acids of' the strawberry, the pine-.
apple, the raspberry and the concord grape. Journal of
American chauical society 47:1177. 1925.

19. Nelson, Norton. A photometric adaptation of the Somogyi's method
for the determination of glucose. Journal of biological
chemistry 153:375-380. 1944.

20. Pederson, Carl 5. and H. G. Beattle. Buffering effecting of fruit
juices. Food research 8:405-408. 1943.

21. Rasmussen, Donald L. Preliminary studies concerning the effect of
boron upon the growth and productivity of Marshall and Corval-
lis strawberries, Master's thesis, Oregon State College, 1942.

22. Robinson, B L, et al. Chemical composition and freezing adapt-
ability of strawberries New York agricultural experiment
station bulletin 726. 1947. Ihp.

23. Bygg, George L. Effects of runner production of strawberry plants.
Master's thesis, Oregon State College, 1931.

24. Saywe].1, G. L. and B. P. Philips. Comparative clarification of
sugar solution. Industrial and engineering chemistry analy-
tical edition 6:116-117, 1934.

25. Schrader, Lee A. and H. D. Scott. Quality comparisons of straw'
berry varieties as affected by processing mith the freezing
method. Proceedings of American society of horticultural
science 50:246-250. 1947.

26. Schuphan, r. The change in vitamin C and calorie value of' German
varieties of strawberries under the influence of good and bad
weather. Biochem, Zeitschr 311:151-162. 1942. Chemical
abstracts 37:2478. 1943.



36

27. Shah, Jayantilal N. Color estimation of frozen strawberries by
reflection-meter, spectrophotometer, and visual grading.
Master's thesis, Oregon State College, 1951.

28. Shaffer, P. A. and A. F. Hartman. The iodometric determination of
copper and its use in sugar analysis. Joxrnal of hto].ogical

chemistry 45:367-377. 1920.

29. Soinogyi, Michael. A reagent for the coppex-iodon1etric determina..
tion of very small axiunts of sugar. Journal of biological
chemistry 117*771-776. 1937.

30. Tressler, Donald K. and Clifford F. Evers. The freezing preserva.-
tion of foods. 2nd edition. New York, kvi, 1947. 932p.

31. Waldo, G. B. and Herry Hartman. Strawberry production in Oregon.
Oregon agricultural experiment station bulletin 442. 1947.
Zip.

32, 'Whitmoyer, It. B. Determination of small smount of glucose,
fructose and invert sugar in absence and presence of sucrose.
Industrial and engineering chemistry &ialytical edition 6268-
270. 1934.

33. Winton, Andrew L. and Kate B. Winton. The analysis of food. New
York, Wiley, 1945. 999p.

34. Woodnn, A. G. Food analysis. 3rd edition. New York, McGraw-
Hill, 1931. 557p.




