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Three varieties of sweet corn (Zea mays L.) , including 

two supersweet (Crisp 'N Sweet 710 and Rogers 3376) and one 

normal sweet (Jubilee), were harvested at six stages of 

maturity (80-72% moisture for supersweet and 75-68% moisture 

for normal sweet) at three days intervals. Changes in 

physical and chemical properties over the 15 day harvest 

period and effects of steam blanching on carbohydrate 

composition of both genotypes of sweet corn were determined. 

Moisture content of the kernels decreased with 

maturity. A quick microwave oven moisture method for 

determining moisture content of normal sweet and supersweet 

corn was evaluated and found to be a good alternative method 

for the time-consuming standard AOAC vacuum oven method. 

Yield (as represented by average ear weight) increased 

linearly  with maturity.    Percent  soluble  solids  was 



determined to be a satisfactory maturity index for normal 

sweet corn but not for supersweet corn. The pericarp 

content in the normal sweet corn Jubilee increased 25% over 

the 15-day harvest period compared to a mean of 5-6% in the 

supersweet varieties. Values of the shear press tests were 

not significantly correlated to % moisture, and only values 

of compression work showed a positive trend to increase with 

maturity. 

Total sugars of supersweet corn averaged 2-3 times 

higher and decreased more slowly than those of normal sweet 

corn in the comparable maturity range for processing. 

Sucrose was the major sugar in both corn genotypes and 

represented about 80% of the total sugars (9-20% dry weight) 

in normal sweet corn versus 90% of the total sugars (30-45%) 

in supersweet corn.  Polysaccharides consisted mainly of 

starch  in  supersweet  corn  and  of  water  soluble 

polysaccharide (WSP) in normal sweet corn.  Normal sweet 

corn contained about twice as much polysaccharides as did 

supersweet corn.  Percent total polysaccharides increased 

with maturity.  Although higher in sugars, supersweet corn 

had lower % total carbohydrates than normal sweet corn due 

to its low polysaccharide content. 

Blanching of corn-on-the-cob for 10 minutes in 99 0C 

steam resulted in a significant loss of sugars. Blanching 

did not significantly reduce total polysaccharides of sweet 

corn. 
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EFFECTS OF MATURITY AND BLANCHING 

ON CARBOHYDRATE COMPONENTS OF 

FROZEN NORMAL SWEET (su) AND SUPERSWEET (sh2) CORN 

I. INTRODUCTION 

Sweet corn (Zea mays L.) is one of the most popular 

vegetables in the United States. It currently ranks second 

in farm value for processing and fourth for fresh market 

(Marshall, 1987). In 1987, the annual value of sweet corn 

in the United States was $170 million for processing and 

$198 million for fresh market. In 1987 in the United 

States, 431,000 and 190,000 acres of sweet corn were 

harvested for processing and for fresh market respectively. 

Wisconsin, Minnesota, Washington and Oregon are, in that 

order, the leading states in producing sweet corn for 

processing. Leading states in fresh market are Florida, New 

York, Pennsylvania and Ohio (USDA, 1988). 

One trend in recent sweet corn production is that 

supersweet varieties based on the shrunken-2 (sh2) genotype 

are becoming increasingly popular both in the fresh market 

and for processing due to their increased sweetness and 

storage life (Marshall, 1987). With reference to styles of 

processed sweet corn, there has been an annual increase in 

frozen corn-on-the-cob over the last decade.  The current 
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interest in high sugar sweet corn breeding has brought about 

the release of a number of new supersweet corn varieties, 

and research studies on these new varieties are going on to 

assess their farm productivity, processing attributes and 

consumer acceptability. 

Maturity is one of the most important factors affecting 

yield and quality of sweet corn. Blanching is a common 

practice to prevent enzymatic deterioration of frozen 

vegetables. While numerous studies on maturity of normal 

sweet corn have been done, investigations on maturity and 

blanching of supersweet corn are few. Carbohydrate is the 

major component of sweet corn kernels. Any change in 

carbohydrates is likely to affect the quality of sweet corn. 

Further study on maturity and blanching of supersweet corn 

would benefit both growers and processors by providing 

useful information regarding changes of carbohydrate 

components associated with maturity and blanching. 

The objectives of this research are: 

(1) to study the changes with maturity in major carbo- 

hydrate components (simple sugars and polysaccharides) of 

two supersweet varieties as compared with one normal sweet 

variety; 

(2) to study the effect of steam blanching on major 

carbohydrate components of sweet corn; 
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(3) to evaluate the adequacy, as compared with a 

standard AOAC vacuum oven method, of a quick microwave oven 

method as a means of determining moisture content of both 

normal sweet and supersweet corn; 

(4) to evaluate selected objective measurements against 

moisture as maturity indices of sweet corn. 



II. LITERATURE REVIEW 

1. "Normal Sweet" vs. "Supersweet" Corn: 

Sweet corn differs from field corn in terms of its 

genetic makeup rather than in systematic or taxonomic 

characterization. Normal sweet corn, also called 

"traditional", "standard", "conventional", "sugar", differs 

from field corn by a mutation at the sugary (Su) locus on 

chromosome 4; normal sweet corn has the gene su at this 

locus (Marshall, 1987) . Another type of sweet corn, 

shrunken type or "supersweet", differs from field corn by 

a homozygous recessive mutant gene, shrunken-2 (sh2) , on 

chromosome 3 (Mains, 1949). Hereinafter, "normal sweet" 

refers to the sugary (su) type sweet corn, and "supersweet" 

refers to the shrunken-2 (sh2) type. 

The kernels of normal sweet corn accumulate more sugars 

than the starchy (Su) field corn. One unique characteristic 

of normal sweet corn is its accumulation of a water soluble 

polysaccharide (WSP) in the endosperm. Although 

accumulation of WSP gives a creamy texture to the prepared 

product, rapid conversion of sugars to WSP after harvest and 

the resultant loss of sweetness is a major problem affecting 

quality of normal sweet corn (Marshall, 1987) . At room 

temperature, normal sweet corn may lose half of its sugar 
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in six to twelve hours after harvest (Brecht and Tabacchi, 

197 6) . Common examples of normal sweet varieties are Golden 

Cross Bantam, Gold Cup and Jubilee. 

Laughnan (1953) is the first to study the carbohydrate 

composition of supersweet corn. He found that supersweet 

corn can produce over a four fold increase in sugar compared 

to normal sweet corn and that supersweet corn does not 

accumulate a significant amount of water soluble polysac- 

charide. Two marketing advantages of supersweet corn over 

normal sweet corn are the high initial sugar content and the 

superior postharvest sugar retention of supersweet corn 

(Marshall, 1987). Garwood et al (1976) reported that 

supersweet corn loses 63% of the initial sucrose content 

after 96 hours storage at 27 0C, while normal sweet corn 

loses 83%. Due to the high initial sugar content and high 

retention, sugar content in supersweet corn after 96 hours 

storage at 27 0C is still almost as high as that of unstored 

normal sweet corn. Studies show strong consumer preference 

for supersweet corn over normal sweet corn, although there 

have been indications that optimum sugar level might have 

been exceeded by some supersweet varieties (Showalter and 

Miller, 1962; Wolf and Showalter, 1974; Reyes, Varseveld and 

Khun, 1982). 

Although the first commercial sh2 hybrid was released 

in  the  early  1960's,  certain  economically  important 
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achievements were made through supersweet hybrid research 

only since the middle 1970's that have contributed 

significantly to the current growth in prominence of 

supersweet corn. Today, supersweet varieties have become 

an important part in the fresh market in the southern states 

like Florida. In 1988, it was estimated that 5% of the 

acreage of sweet corn for processing was composed of 

supersweet corn. Recognizing the important role of the user 

in the future success of supersweet corn in the marketplace, 

Hansen stated: "the consumer will make the ultimate 

decision." Examples of supersweet varieties are Northern 

Xtrasweet, Crisp 'N Sweet 710, Illini Xtrasweet, Sugar 

Sweet, Florida Staysweet, Hawaiian Supersweet No.l, Hawaiian 

Supersweet No.5 (Marshall, 1987). 

2. Methods for Maturity Determination: 

Maturity is one of the most important criteria for 

harvesting, grading and defining quality of sweet corn. 

United States standards for grades of frozen whole kernel 

corn assign 50% of the total point score for grade to the 

maturity factor (USDA, 1957). Many efforts have been and 

are still being made to develop the best method to 

determine the maturity of sweet corn. 



2a. Thumbnail Test: 

A commonly used field evaluation is the thumbnail test 

as suggested by Appleman (1921, 1924) . A trained field man 

can determine maturity by the way the kernel contents squirt 

when pressed with the thumbnail. The amount of dough 

relative to the milk determines the maturity. Based on this 

test, sweet corn is divided into four progressive stages of 

maturity: premilk, typical milk, early dough, and dough 

stages. United States standards for grades of sweet corn 

for processing (USDA, 1962) classify sweet corn into five 

stages of maturity: blister, milk, cream, dough, and hard 

dough. 

The advantage of the thumbnail test is that it is quick 

and simple. But there has been much criticism as to the 

accuracy of the thumbnail test as a means of determining 

maturity. Appleman (1923) pointed out that the reliability 

of the thumbnail test is influenced by the rate of ripening 

and by the rate of water loss by evaporation. In warm 

weather, the thumbnail test alone is not a reliable means 

of predicting the best canning stage. Culpepper and Magoon 

(1924) concluded that the nail test is not a safe guide in 

estimating the sugar content, especially when applied to 

different varieties. The nail test is an empirical method 

and the personal element, as suggested by Pratt (1939), may 



affect the reliability of the method. Good agreement is not 

always obtained between different field men and any 

individual may be expected to show considerable variation 

from one time to another. 

2b. Moisture Content: 

Moisture content has been established as the most 

reliable maturity index for sweet corn (Culpepper and 

Magoon, 1924; Magoon and Culpepper , 1926; Scott, 1939; and 

Huelsen, 1954). Moisture content usually decreases in a 

linear or curvilinear pattern while the maturation process 

progresses. It correlates very well with other maturity 

indices (e.g., alcohol insoluble solids, succulometer test), 

as well as with quality of sweet corn. The minimum moisture 

content difference which can be detected subjectively by 

judges (triangle test) at a level of 95% probability is 

0.52% (Geise, 1953). the moisture range for commercial 

harvest of sweet corn is usually 80-75% for supersweet corn 

and 75-68% for normal sweet corn (Jugenheimer, 1976; 

Hindmarsh, 1979; Marshall, 1987; Smith, 1988). 

There are many ways to determine moisture content of 

sweet corn (see Huelsen, 1954) , but an AOAC vacuum oven 

method (AOAC, 1984) is considered standard. The major 

objection to this vacuum oven method, although accurate and 
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precise, is its lack of speed (usually several hours of 

drying at 7 0 0C under vacuum). Moisture content of sweet 

corn changes rapidly (as much as 1-2% per day) during the 

optimum harvest range. Therefore, a rapid and accurate 

method of determining moisture content is desirable. 

A quick method for determining moisture content of 

normal sweet corn was developed at OSU (Becwar et al, 1977) . 

In this method, microwave oven drying is used in place of 

vacuum oven drying. As a result, the time required to 

determine a single moisture value reduces from several hours 

to a few minutes. The difference in % moisture between 

microwave oven and vacuum oven methods was within a 1% 

range. Reyes, Varseveld and Khun (1982) applied the 

microwave oven method to both supersweet and normal sweet 

corn. These authors claimed that moisture content 

determined by a precise microwave oven method is within 1% 

of the standard AOAC vacuum oven method. In fact, the 

microwave oven method is considered the most effective, 

accurate and rapid method to determine moisture content of 

sweet corn (Marshall, 1987). 

2c. Soluble Solids or Refractive Index: 

During the maturation of sweet corn, there is a 

continuous  increase  in  soluble  solids  content  and  a 
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subsequent decrease in moisture content (Huelsen, 1954). 

Percent soluble solids or refractive index is closely 

related to moisture content. The greatest advantage of 

using percent soluble solids or refractive index as a 

maturity index is the speed with which analysis can be made. 

It usually requires only a few minutes for each 

determination. 

Percent soluble solids or refractive index has been 

established as a reliable maturity index of raw normal sweet 

corn (Carter et al, 1950; Gould et al, 1951, 1953; Henry et 

al, 1956) . Scott et al (1945) described the use of a 

Gaertner Refractometer to measure refractive index of sweet 

corn. Juice from blended puree was taken for refractive 

index measurement. Refractive index was then converted to 

moisture content, the standard maturity index, by means of 

a previously prepared chart. It was claimed that moisture 

content can be predicted with an error of il%. 

Moisture content can be calculated from either a 

calibration chart or a regression equation. Scott et_ al_ 

(1945) proposed that one calibration chart be furnished for 

each variety, although they pointed out that the same chart 

can be used for each of a group of closely related hybrids. 

Sacklin et al (1960) reported that a single regression line 

of moisture on soluble solids content can be used to predict 

maturity of all 13 sweet corn hybrids tested.  However, 
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Campbell and McKerlie (1967) stressed that a graphic 

relationship should be developed for each location, year and 

variety. 

2d. Pericarp; 

Pericarp is the outermost layer of corn kernel. It is 

composed of maternal tissue (transformed ovary wall) (Zuber 

and Darrah, 1987) . Pericarp is a major factor affecting 

tenderness of sweet corn. Advancing maturity of sweet corn 

is characterized by increasing toughness and amount of 

pericarp (Huelsen, 1954). 

Studies (Gaessler et al, 1940; Kramer et al, 1949; 

Henry et al, 1956; Desrosier et al, 1958) show that amount 

of pericarp of raw sweet corn generally increases with 

maturity. Thickness of pericarp decreases and toughness, 

as measured by resistance to a puncture test, increases with 

maturity (Culpepper and Magoon, 1924; Bailey and Bailey, 

1938) . This toughening effect is believed to be due to 

cumulative polymerization of carbohydrates following 

shrinkage and massive water loss from the pericarp (Khalil 

and Kramer, 1971). 

Variety and method of processing can affect the 

properties of pericarp.  Research by Campbell and McKerlie 

(1967) showed that pericarp content of one variety of sweet 
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corn is significantly correlated with moisture content, but 

that of another is not. Gould et aJL (1951) reported that 

the correlation coefficient between pericarp content and 

alcohol insoluble solids (the latter was used as a standard 

maturity index) of frozen sweet corn is much lower than that 

of canned corn. 

2e. Shear Press: 

The shear press (Kramer et a_l, 1951; Decker et al, 

1957) is probably one of the most popular instruments 

developed for measuring textural qualities of both fresh and 

processed fruits and vegetables. With a series of test 

cells, the instrument is designed to test a wide variety of 

commodities. When a recorder is attached to the instrument, 

both maximum force readings and area under the curve (work 

function) can be determined (Szczesniak, 1972). The Kramer 

type shear press with a standard shear test cell has been 

successfully used for measurement of maturity of raw peas, 

lima beans, southern peas, firmness or hardness of raw and 

canned apple slices, beets, chicken, beef, shrimp and 

spaghetti. Additional cells have been developed for 

measurement of fibrousness of asparagus and green beans, and 

succulence of sweet corn and apples (Kramer and Twigg, 

1970) . 
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Kramer (1959) reported that maximum peak force in the 

shear press test of raw sweet corn is highly significantly 

correlated with canned corn quality. He also concluded that 

maximum peak force can be substituted for pericarp content 

in a tri-metric test, in which U.S. score of maturity of 

sweet corn is predicted from moisture content (or 

succulence), pericarp content and kernel size (Kramer, 1952; 

Twigg et al, 1956). Kramer and Cooler (1962) developed a 

bi-metric procedure for determining a tenderness-maturity 

factor of sweet corn. This procedure consists of tests with 

the shear and compression cells of the shear press (maximum 

peak force and succulence). They claimed that this method 

appears equal in accuracy to the alcohol insoluble solids 

test. However, research by Campbell and McKerlie (1967) 

showed that bi-metric ratings based on Kramer and Cooler's 

(1962) bi-metric procedure did not give accurate or 

consistent results probably due to lack of homogeneity in 

the 100-g sample used. 

2f. Other Methods: 

Other methods for determining sweet corn maturity 

include: rheological and sensory evaluation (Tung et. al, 

1974a, 1974b); specific gravity test (Crawford and Gould, 

1957; Gould, 1958); turbidity test (Johnson and Bennett, 
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1952); succulometer test for succulence (Kramer and Smith, 

1946); alcohol insoluble solids (Jenkins, 1934; Henry et al, 

1956); a centrifugal technique (Arnold, 1974c); water 

soluble polysaccharide (Darbyshire et al, 1978); reducing 

and total sugars (Henry et al, 1956); soluble sugar ratio 

(Rumpf et al, 1972); ratio of water soluble polysaccharide 

to total polysaccharide (Culpepper and Magoon, 1927); 

viscosity (Sebok and Bodi, 1982a, 1982b); thermal unit 

systems  (Arnold,  1974a);  respiration rates of kernels 

(Arnold, 1974b). 

3. Carbohydrate Composition of Sweet Corn: 

3a. Simple Sugars: 

Sucrose exists as the predominant sugar in sweet corn, 

together with measurable amounts of glucose and fructose and 

trace amounts of xylose, mannose and galactose (Marshall, 

1987; Kientz et al, 1965) . Maltose can accumulate up to 

several percent dry weight in the sugary enhancer (se) type 

sweet corn, but exists only in trace amounts in su and sh2 

type sweet corn (Ferguson et al; 1979, Dickinson et al, 

1983). Although total sugar content of sweet corn varies 

considerably with variety and maturity, supersweet corn 

usually has much higher sugar content than normal sweet corn 
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in the typical harvest range of maturity. 

Sugars contribute to the flavor of sweet corn. Sensory 

studies (Reye, Varseveld and Khun 1982; Evensen and Boyer, 

1986) show that sucrose content and total sugar are closely 

related with hedonic taste scores and sensory sweetness 

scores. Although sweetness of sucrose, glucose and fructose 

is not the same, there is probably little difference in the 

sweetness contributed by equal amounts of sucrose and of 

total reducing sugar (glucose and fructose) . Therefore, 

sweet corn should taste sweetest when the total sugar 

content is highest (Kientz et al., 1965) . 

The relative content of component sugars in sweet corn 

changes with maturity. Culpepper and Magoon (1924, 1927) 

found that sucrose and total sugar of normal sweet corn 

increase up to a certain point and then decrease slowly 

during the latter stages of kernel development. Reducing 

sugars are highest at the initial stages and decrease 

steadily throughout the growth and development period. 

Sugar content of supersweet corn changes in a manner similar 

to that of normal sweet corn (Creech, 1968). 

3b. Water Soluble Polysaccharide (WSP): 

Morris and Morris (1939) first prepared a water soluble 

polysaccharide from the sugary sweet corn variety Golden 
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Bantam. This polysaccharide, called "corn glycogen", was 

apparently identical to animal glycogen in terms of cupric 

chloride crystallization patterns and the rates of enzymatic 

hydrolysis. Hassid and McCready (1941) extracted this 

polysaccharide from the same variety of sweet corn and found 

that its physical and chemical properties closely resemble 

those of animal glycogen. Sumner and Somers (1944) 

separated the water soluble polysaccharide of Morris and 

Morris into two subfractions based on the solubility in 80% 

trichloroacetic acid (TCA). One of these was "corn 

glycogen", which they renamed "phytoglycogen"; the other 

they called "glycoamylose". They found that together these 

fractions constitute about 30% of the dry weight of the 

kernel, approximately two thirds of this being 

phytoglycogen. Laughnan (1953) suggested that phytoglycogen 

and glycoamylose represent, respectively, the branched and 

unbranched water soluble counterparts of amylopectin and 

amylose. Although primarily water soluble, phytoglycogen 

is also found in a particulate form (Matheson 1975, Boyer 

et al, 1981) . Later publications seldom distinguish between 

phytoglycogen and glycoamylose; instead they are 

collectively called water soluble polysaccharide (WSP). 

The  precise  pathway  of  the  biosynthesis  of 

phytoglycogen is still unclear at this time.   Erlander 

(1958) suggested that phytoglycogen is formed initially and 
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debranched to form amylopectin and also linear dextrins 

which are elongated to form amylose. The accumulation of 

phytoglycogen in kernels with the su gene is proposed to be 

a failure of the debranching mechanism. Pan and Nelson 

(1984) reported that su endosperm is deficient in one of the 

three isozymes of debranching enzyme and has reduced 

activity of the others. However, Marshall and Whelan (1974) 

found that amylopectin cannot be formed in vivo by 

debranching of glycogen precursor. Alternatively, Manners 

and Rowe (1964) proposed that phytoglycogen is formed by the 

branching of amylopectin. Many studies have reported a 

branching enzyme in su endosperm capable of producing 

phytoglycogen from amylopectin (Lavintman, 1966; Hodges et 

al. 1969; Black et al, 1969; Boyer and Preiss, 1978). But 

this enzyme is also found in genotypes accumulating little 

or no phytoglycogen (Black et al, 1969; Boyer et al, 1982) . 

Water soluble polysaccharide (WSP) was originally found 

in the sugary type corn (Golden Bantam). High content of 

WSP is one of the major characteristics of su corn. WSP 

can constitute one third or more of the kernel dry weight 

of su corn (Sumner and Somers, 1944; Laughnan, 1953; Garwood 

et al. 1976; Gonzales et al, 1976). The high level of WSP 

is thought to contribute to the creamy texture of sugary 

corn. In contrast to sugary corn, supersweet corn contains 

only a trace amount of WSP.  Laughnan (1953) first studied 
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the chemical composition of sh2 corn and found that WSP 

constitutes only 1.6% dry weight of the kernels, compared 

to 1.3% in field corn and 35.8% in sugary corn. Later 

studies all found that the WSP content in supersweet corn 

is very low (Wann et al, 1971; Gonzales et al, 1976; Garwood 

et al, 1976; Soberalske and Andrew, 1980). 

3c. Starch: 

Starch serves as an energy reserve in the corn kernels. 

Starch is also one of the major carbohydrates that influence 

quality (mostly texture) of sweet corn. The percentage of 

starch is claimed to be at least as important as the sugar 

content in determining quality of sweet corn. The nature 

and quantity of polysaccharides (WSP and starch) in sweet 

corn, together with the moisture content, determine to a 

large extent the consistency of the canned product 

(Culpepper and Magoon, 1924). 

Starch content in corn is under genetic control. The 

genes su and sh2 in normal sweet and supersweet corn, 

respectively, reduce endosperm starch content to a much 

lower level than that of field corn. The starch content in 

mature field corn kernels can be as high as 80-83% dry 

weight, while that of normal sweet and supersweet corn is 

usually not more than 40% (Creech, 1968; Nelson, 1980). 
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Starch content in sweet corn also changes with maturity. 

Appleman and Eaton (1921), Culpepper and Magoon (1924) 

reported that total polysaccharides of normal sweet corn, 

calculated as starch, increase continuously with maturity. 

Starch content of supersweet corn increases slowly with 

maturity. Data reported by Creech (1965) show that starch 

content of supersweet corn does not increase significantly 

between 16 and 28 days postpollination. Gonzales et aJL 

(197 6) reported that starch content of supersweet corn 

increases slowly from 14 to 45 days postpollination. 

4. Blanching: 

It is a common practice to blanch vegetables for 

freezing storage. Blanching is an essential heat treatment 

applied to vegetables to inactivate enzymes whose activity 

the freezing process can only slow down but not completely 

inhibit. Inadequate blanching prior to freezing often 

results in off-flavors, off-colors and other kinds of 

enzymatic spoilage (Huelsen, 1954; Potter, 1978). The 

advantages of blanching include the stability of texture, 

color, flavor and nutritional quality; the reduction of 

microorganisms; and the wilting of leafy vegetables which 

assists in packaging (Williams et ai, 1986). 
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There are four groups of enzymes primarily responsible 

for quality deterioration of unblanched vegetables. 

Lipoxygenases, lipase, and protease can cause off-flavor 

development; pectic enzymes and cellulase can cause textural 

changes; polyphenol oxidase, chlorophylase, and peroxidase 

(to a lesser extent) may cause color changes; and ascorbic 

acid oxidase and thiaminase can cause nutrition changes 

(Williams et al, 1986) . Two of the more heat resistant 

enzymes important in vegetables are catalase and peroxidase. 

If these are destroyed then those enzymes important to 

quality change in vegetables will also have been inactivated 

(Potter, 1978). Peroxidase activity is often used as index 

of blanching adequacy because of its wide distribution in 

vegetable tissues and its heat resistance. A quick 

peroxidase test for adequacy of blanching was developed 

(Masure and Campbell, 1944). Huelsen (1954) suggested the 

use of peroxidase test for whole kernel corn and catalase 

test for corn-on-the-cob for adequacy of blanching. Lee and 

Hammes (1979) determined significant correlations between 

peroxidase residual activity in the outer cob and kernels 

of corn-on-the-cob blanched at 100 0C for variable times, 

and off-flavor development detected by a panel of 12 experts 

after a 9 months storage at -18 0C. 

Huelsen  (1954)  outlined four possible methods of 

blanching sweet corn: (1) on the cob in hot water, (2) on 
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the cob in steam at atmospheric pressure, (3) cut corn in 

hot water, and (4) cut corn in steam at atmospheric 

pressure. More recently, high temperature short time (HTST) 

blanching (in a rotating high pressure steam chamber) was 

investigated for use on cut corn (Latham, 1987) . Blanching 

of corn-on-the-cob results in less soluble solids loss 

during blanching and subsequent cooling. But corn-on-the- 

cob is one of the most difficult vegetables to blanch 

because of its large dimension and resistance to heat 

penetration. Potter (1978) and Huelsen (1954) suggested a 

blanching time of 10 minutes for corn-on-the-cob in boiling 

water. Varseveld and Baggett (1979) recommended similar 

conditions, 10 minutes in 99 0C steam, to blanch corn-on- 

the-cob of two supersweet varieties and one normal sweet 

variety. 

In addition to inactivation of enzymes, other changes 

occur during the blanching process and subsequent cooling 

and freezing. These changes include coagulation of certain 

proteins; the gelatinization of starch; some loss in texture 

(caused also by freezing and thawing), color, flavor and 

vitamins by the heating process; some loss of soluble 

solids, especially in water blanching (Huelsen, 1954; 

Poulsen, 1986; Williams et al, 1986). A study by Englis and 

Sekera (1931) showed that water blanching of sweet corn 

results in a slight reduction in the toughness of the hull 
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(pericarp). Water blanching of sweet corn also results in 

a slight increase in kernel density due to absorption of 

water and expulsion of air (Englis and Gabby, 1931). Sweet 

corn (corn-on-the-cob) blanched in boiling water for up to 

10 minutes showed no appreciable sugar loss (Appleman, 

1924) . A study by Ball and Wetzel (1979) showed that 

blanching (corn-on-the-cob, 8-15 minutes in steam) and 

sulfating of sweet corn result in lower concentrations of 

all sugars. Pukrushpan et al. (1978) reported that blanching 

of sweet corn (corn-on-the-cob, 6 minutes in boiling water) 

did not alter significantly total protein, alkali-soluble 

protein or free amino acids. Blanching reduced salt- and 

alcohol-soluble protein and cause a marked increase of 

insoluble protein. 

5. Enzymatic Determination of Carbohydrates: 

With the development of enzymic techniques, rapid and 

accurate enzymatic methods are now available and are being 

used to an increasing extent for determining carbohydrates 

in foods (mono-, di- and polysaccharides in the presence of 

each other) (Guilbault, 1976; Bergmeyer, 1974, 1984) . A 

most commonly used enzymatic method for carbohydrate 

determination, a UV-method, is based on the measurement of 

an increase in optical density of reduced nicotinamide- 
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adenine dinucleotide (NADH)or reduced nicotinamide-adenine 

dinucleotide phosphate (NADPH) in the long-wave UV-range. 

In practice, sucrose, glucose, fructose, water soluble 

polysaccharide and starch are enzymatically converted to 

glucose-6-phosphate (G-6-P). In the presence of glucose-6- 

phosphate dehydrogenase (G6P-DH), G-6-P is then 

specifically oxidized by NADP" to gluconate-6-phosphate with 

the formation of NADPH according to equation (1). 

(1) G-6-P + NADP+  -G6P'DH > Gluconate-6-P + NADPH + H* 

The NADPH formed in this reaction is stoichiometric with the 

amount of the substrate and is measured by means of its 

absorbance at 334 nm. 

In this research, the Boehringer Mannheim method of 

enzymatic analysis (Boehringer Mannheim, 1986) was used to 

analyze sucrose, glucose, fructose, WSP and starch. This 

enzymatic method is based on the above-mentioned principle 

and has reportedly given results comparable to those 

obtained by GLC (Montgomery et al, 1982) and HPLC methods 

(Reyes, Varseveld and Khun, 1982; Reyes, Wrolstad and 

Cornwell, 1982). 
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III. MATERIALS AND METHODS 

MATERIALS: 

Two varieties of supersweet corn (shrunken-2 or sh2) , 

Crisp 'N Sweet 710a (CNS 710) and Rogers 3376b, were planted 

in the Vegetable Research Farm, Oregon State University, 

Corvallis on June 28, 1988. A normal sweet (sugary or su) 

variety, Jubilee0, was also included for comparison. The 

field layout was arranged in a split-plot design (Petersen, 

1985) with 4 blocks, with variety as whole plot and maturity 

(i.e., harvest at different times) as subplot. 

Enzyme test-combinations (Sucrose/Glucose/Fructose, and 

Starch) were purchased from Boehringer Mannheim 

Biochemicals, Indianapolis, Indiana. Absorbance at 334 nm 

was measured with a Perkin Elmer 550 spectrophotometer. All 

enzymatic reactions were carried out in standard type 

methacrylate UV grade disposable cuvettes (Fisher Scientific 

Company, Pittsburgh, Pennsylvania). 

aSeed source: Crookham Co., Caldwell,Idaho. 

bSeed source:  Rogers Brothers Seed Co.,  Caldwell, 
Idaho.  This variety was released by Rogers Brothers Seed 
Co. in 1988 under the name "Supersweet Jubilee". 

cSeed source: Rogers Brothers Seed Co.,  Caldwell, 
Idaho. 
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METHODS: 

1. Harvesting and Handling the Corn: 

Each variety of sweet corn was harvested at six stages 

of maturity to cover the commercial harvest moisture range, 

i.e., 80-74% for supersweet corn and 75-68% for normal sweet 

corn. The first harvest was made when kernel moisture 

content was about 80% for the supersweet corn and about 75% 

for the normal sweet corn. A quick microwave oven method 

(Becwar et al, 1977/ Reyes, Varseveld and Khun, 1982) was 

used to monitor the kernel moisture content of samples from 

the plot to be harvested. Additional harvests were at three 

day intervals. 

Corn was harvested early each morning and brought 

directly to the pilot plant of the Food Science and 

Technology Department, Oregon State University. For each 

block (field replication) , about 30 ears from a row of 30 

feet in length were harvested for each maturity of each 

variety. Number of ears was counted and the sample weight 

before and after husking was measured. Visually over-mature 

and under-mature ears were picked and discarded to ensure 

uniform maturity within each harvest lot. Six represen- 

tative ears from each replication were saved for moisture, 

soluble solids determination and for freeze drying.  The 
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remaining ears were cut into 3 inch cobbettes, 2 cobbettes 

per ear. The purpose of cutting ears into cobbettes was to 

increase sampling representativeness. Cobbettes from the 

tip end of the ear and those from the butt end were kept 

separately. Equal numbers of cobbettes from both ends of 

the ear were used whenever a sample of cobbettes was needed 

for analysis. All the cobbettes were blanched in a steam 

blancher for 10 minutes at 99 0C. A peroxidase test (Masure 

and Campbell, 1944) on some of the cobbettes with largest 

diameter indicated no appreciable peroxidase activity 

present in the kernels from the blanched cobbettes. 

Blanched cobbettes were cooled by immersion for 3 

minutes in 10 0C cold water as soon as they came out of the 

blancher. The cobbettes were drained and individually quick 

frozen at -37 0C in an air blast freezer. Frozen cobbettes 

were sealed in double polyethylene bags, properly marked and 

stored at -23 0C until use. 

2. Moisture Determination: 

Six ears of fresh corn from each replication were used 

to determine moisture content, which was used as an index 

of maturity. Kernels were manually cut off the cob with a 

butcher knife and mixed thoroughly in a large pan. About 

120 grams of kernels from the well mixed kernels of each 
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replication were transferred into an invertible half-pint 

mason jar, and the jar was sealed with an Osterizer cutter 

assembly and ring. The rest of the kernels were sealed in 

two 303x406 cans, frozen at -37 0C overnight, stored at -23 

0C to be used for freeze drying and for soluble solids 

determination. Each of the samples placed in the half-pint 

mason jars was blended at low speed for 1 minute, medium 

speed for a second minute and then top speed for another 1 

minute using an Osterizer blender, resulting in a 

homogeneous corn puree. The cutting assembly was removed 

from the mason jar and replaced by a jar lid. The tightly 

covered puree in the jar was immediately cooled to room 

temperature in ice water. To transfer desired amounts of 

puree without moisture loss, a polyethylene veterinarian's 

syringe, with a rubber-tipped plunger and with the barrel 

tip cut back to provide a 1/4 inch opening, was used. Both 

vacuum oven and microwave oven methods were used to 

determine moisture content. 

2a. Microwave Oven Method: 

Duplicate 10 gram samples were taken from each jar. 

Puree was evenly spread in dried and tared 9 cm diameter 

Petri dishes. Uniformity in spreading is critical in 

getting  consistent  results.    For each drying cycle, 
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duplicate samples were placed in the chamber of a microwave 

oven (Litton Model 70/42, with 1000 watt power) and heated 

for 2 minutes and 8 seconds at full power. The samples were 

then removed from the oven, cooled to room temperature in 

a desiccator and then weighed. Before each use of the 

microwave oven, it was preheated by placing two dishes of 

10-gram samples in the chamber and heating for 2 minutes and 

8 seconds. 

2b. Vacuum Oven Method: 

Duplicate 10 gram samples were transferred from each 

jar onto dried and tared 6 cm diameter aluminum foil dishes. 

Samples were then frozen at -37 0C for at least one hour 

before being placed in the vacuum oven to prevent frothing 

and boil-over loss. Freezing also provided a way of holding 

the samples in case the vacuum oven was in use or to collect 

enough samples for one running of the vacuum oven. Frozen 

samples were dried in the vacuum oven for 24 hours at 70 0C 

and under 27-28 inch vacuum. Dried samples were then cooled 

to room temperature in a desiccator and weighed. Moisture 

content was calculated in percent. 

% Moisture = [ (Weight of Wet Sample - Weight of Dry 

Sample )/(Weight of Wet Sample)] * 100. 
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3. Soluble Solids Determination; 

Cans of frozen kernels, as mentioned in moisture 

determination section, were defrosted in a 40 0C water bath 

for 45 minutes. Kernels so defrosted were still cold (5-10 

0C) and no apparent juice drainage from the kernels was 

found at the bottom of the can. Approximately 120 grams of 

kernels were blended as indicated for moisture 

determination except that time and speed were 1.5 minutes 

at medium speed and another 1.5 minutes at high speed. For 

each replication, duplicate 30 gram quantities of puree 

were weighed into centrifuge tubes. Samples were 

centrifuged at 20 0C and at 10,000 rpm (12,000 x g) for 20 

minutes. Supernatant from each tube was taken with a 

Pasteur pipette to a Bausch & Lomb Refractometer for percent 

soluble solids reading at 20 0C. Although the supernatant 

was not a true solution (slightly yellow for the supersweet 

varieties and slightly white for Jubilee), % soluble solids 

(0Brix) could be clearly read on the refractometer. 

4. Defrosting of Frozen Cobbettes: 

For each field replicate, eight ears (16 cobbettes) of 

frozen corn were heated twice in a microwave oven (Litton 

Model 70/42, at 500-watt power) for 4-4.5 minutes each to 
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defrost. Cobbettes so defrosted were still cold but soft 

enough for easy removal of kernels from the cob. Kernels 

were cut from the defrosted cobbettes with a knife and mixed 

thoroughly in a large pan. These kernels were used for 

pericarp determination, shear press test, and for freeze 

drying (to be used for carbohydrate analysis). 

5. Pericarp Content: 

The method for pericarp content determination was 

modified from that of Gould et al (1953). For each field 

replicate, triplicate samples of 50 grams of kernels , along 

with 100 ml distilled water, were placed into invertible 

half pint Mason jars and the jars were sealed with an 

Osterizer cutter assembly and ring. Each sample was blended 

at medium speed for 1.5 minutes and at high speed for 

another 1.5 minutes using an industrial model Osterizer 

blender. The resulting puree was then poured onto a 30-mesh 

stainless steel screen (pre-dried and pre-tared) tightly 

secured to a glass funnel. The screen sections were 8.5 cm 

diameter round circles cut to fit in the lid ring of a half 

gallon Mason jar. The glass funnel was prepared from a half 

gallon Mason jar with its bottom half removed, and was 

supported on a ring stand. The residuals that remained in 

the blender jar were completely washed onto the screen. 
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Each sample was washed with running water at controlled 

flowing rate (1900 ml/min.) for 2.5 minutes. The washing 

water was delivered through a glass tube nozzel 75 mm long 

x 3 mm diameter inserted into a rubber hose 6 mm diameter 

which was connected to a water source at controlled 

pressure. The residuals (pericarp) on the screen were dried 

in an electronic oven for 2 hours at 100 0C. Samples were 

then cooled in a desiccator and weighed. Weight of dry 

sample was calculated by subtracting screen tare from the 

total weight of screen and dry sample. 

Pericarp content (g/lOOg) = [(weight of dry residue) 

/(weight of sample)]*100. 

6. Shear Press Test: 

An Allo-Kramer Shear Press (Model S2HE with a 5000 lb 

proving ring, 375 psi on ram, a 21 second down stroke) was 

used to measure total work of compression and shear and 

maximum force to shear a 150 gram sample of kernels at 10- 

15 °C. An attenuation range of 20 was selected on the 

Varian recorder (Model G-11A). A compensating polar 

planimeter (Keuffell and Esser Co.) was used to measure the 

area under the curve. Each field replicate was analyzed in 

triplicate. 
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7. Enzymatic Determination of Carbohydrate: 

7a. Preparation of Samples: 

Approximately 120 grams of sample from each field 

replicate were blended with 20 ml of distilled water, using 

an Osterizer blender. The resulting puree was frozen in a 

covered 9 cm diameter Petri dish at -37 0C. All the samples 

were freeze dried in a Hull Freeze Dryer and ground to pass 

a 28 mesh screen (opening = 0.589 mm) in a mortar with a 

pestle. The ground samples were kept in tightly-capped 

vials and placed in a desiccator. Before being used, all 

samples were re-dried in a vacuum oven at 50 0C for 24 hours 

to remove the moisture picked up during the grinding 

process. Samples of both blanched and non-blanched material 

were prepared this way for carbohydrate analysis. 

7b. Extraction and Fractionation: 

The method used to separate sugars, water soluble 

polysaccharide (WSP), and starch was a modification of that 

of Shannon (1968). A similar method of carbohydrate 

fractionation was used in a number of research studies 

(Gonzales et al, 1976; Garwood et al, 1976; Soberalske and 

Andrew, 1980; Boyer et al, 1981). 



33 

For each field replicate, 150-200 mg of dried and 

ground sample were weighed into a 30 ml centrifuge tube. 

Each sample was washed with 4 portions of 10 ml 80% ethanol 

each and centrifuged at 10,000 rpm (12,000 x g) for 6 

minutes. Supernatant portions from the above alcohol 

extractions were combined and brought to volume (100 ml) 

with distilled water (Solution I). Solution I was used for 

the sugar analysis (sucrose/glucose/fructose). 

Residues from the alcohol extraction were redispersed 

and washed with 4 portions of 10 ml distilled water each and 

then centrifuged at 10,000 rpm (12,000 x g) for 6 minutes. 

The supernatant was combined and brought to volume (100 ml) 

with distilled water (Solution II) . Solution II was used 

for water soluble polysaccharide (WSP) analysis. 

Residues from water extraction were transferred to a 

100 ml Erlenmeyer flask with 4 portions of 5 ml dimethyl- 

sulfoxide (DMSO) each. Five ml of 8 M HC1 were added to 

each sample. The Erlenmeyer flasks were sealed with 

Parafilm and incubated in a water bath at 60 0C for 30 

minutes. The flasks were shaken at 5 minute intervals 

during the incubation process. After incubation, each 

sample was cooled quickly with running cold water and then 

50 ml distilled water added. The pH value of the solution 

was adjusted to pH 4-5 with 5 M NaOH (pH value was checked 

with a pH meter) .  The solution was then transferred with 
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distilled water to a 200 ml volumetric flask and brought to 

volume with distilled water (Solution III) . Solution III 

was used immediately for enzymatic starch assay. 

7c. Enzymatic Determination: 

Enzyme kits from Boehringer Mannheim were used. Free 

sugars were assayed with Sucrose/Glucose/Fructose Test- 

Combination (Cat. No.716260), and starch and water soluble 

polysaccharide (WSP) with Starch Test-Combination (Cat. No. 

207748), according to instructions of the enzyme kit 

manufacturer. Absorbance at 334 nm was read with a Perkin 

Elmer 550 Spectrophotometer. Concentration of each 

carbohydrate component was calculated according to the 

equations outlined in the instruction manual (Boehringer 

Mannheim, 1986). 

8. Statistics: 

The experimental Design is a split-plot design 

(Petersen, 1985) with variety as whole plot and maturity 

(harvest date) as subplot. To minimize cross-pollination 

between the two genotypes of corn, normal sweet variety 

(Jubilee) was separated from supersweet varieties by a 50- 

foot space and by two guard rows of each genotype.  Data 
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collected were evaluated by analysis of variance (ANOVA) 

and by least significant differences (LSD's) using 

STATGRAPHICS program (Statistical Graphic System, copyright 

1987 by Statistical Graphic Corporation). See table 3 for 

an example of ANOVA on the split-plot design and table 4 for 

significance levels of variety, maturity and their 

interactions of all response variables. Other statistical 

analyses (regression and correlation) were also accomplished 

with the STATGRAPHICS program. Graphic illustrations (line 

charts) were generated by Symphony™ (copyright 1985 by Lotus 

Development Corporation). 
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IV. RESULTS AND DISCUSSION 

1. Moisture Content: 

la. Changes with Maturity: 

Moisture content generally decreased with every delay 

in harvest (see Table 1, Figure 1) . During the entire 

harvest period (15 days), moisture content of Jubilee 

decreased from 75.9% to 67.4% at an average rate of 0.6% per 

day. Moisture content of Rogers 3376 decreased from 81.5% 

to 72.2%, the average rate of decrease was the same as that 

of Jubilee. The moisture content of Crisp 'N Sweet 710 (CNS 

710) decreased from 79.7% to 73.7%, the average rate of 

change was only 0.4% per day. 

According to Marshall (1987), supersweet corn loses 

moisture more slowly than normal sweet corn, resulting in 

a longer harvest period for supersweet corn of acceptable 

market quality. Our results showed that only one of the two 

supersweet varieties lost moisture more slowly than the 

normal sweet variety Jubilee. This is not surprising since 

this study only dealt with a limited number of varieties and 

since the rates at which moisture changes with maturity vary 

considerably among different varieties in the same genotype. 
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lb. Evaluation of Microwave Oven Method: 

To evaluate the adequacy of a quick microwave oven 

method (Becwar et al, 1977; Reyes, Varseveld and Khun, 1982) 

as a means of determining moisture content of both normal 

sweet and supersweet corn, the moisture content was 

determined using both microwave oven and vacuum oven 

methods. Results of both methods were presented in Table 

1. Comparison of the results by paired t-test showed that 

values obtained by the microwave oven method were not 

significantly different from those obtained by the vacuum 

oven method. Of the 72 pairs of values observed, the 

average difference between microwave and vacuum oven methods 

was 0.0175%, with a standard deviation of 0.327%. 95% 

confidence interval for the difference was (-.059%, 0.094%). 

Our results support the claim that moisture values of normal 

sweet corn obtained by the microwave oven method are within 

1% of those obtained by the vacuum oven method (Becwar et 

al, 1977; Reyes, Varseveld and Khun, 1982). These results 

further indicate the accuracy of the microwave oven method 

can be extended to moisture determination of supersweet 

corn. 

The equation y = -0.105 + l.OOlx, where x = % microwave 

moisture, y = % vacuum oven moisture, was obtained by 

regression of percent moisture by vacuum oven method on 
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percent moisture by microwave oven method. Since the 

constant -0.105 was not significantly different from 0 (p- 

value = 0.89), it was omitted from the equation and a new 

equation was obtained as y = 0.9998x (66<x<83). The 

standard error of estimate by this equation was 0.327%. 

This equation states that when the moisture content of sweet 

corn is in the range of 66-83%, value of moisture content 

determined by microwave oven method is approximately equal 

to that by vacuum oven method (see Figure 2). 

2. Average Ear Weight; 

Average weight of husked ears (lbs/ear) was taken at 

harvest as an indication of field yield (Table 1, Figure 3). 

There was no significant interaction between variety and 

maturity. The differences between varieties in mean ear 

weight were highly significant. CNS 710, with the largest 

ears, had the highest ear weight, Jubilee had the medium ear 

weight and Rogers 337 6 had the lowest ear weight. Average 

ear weight increased steadily with maturity, and at the last 

harvest was approximately 25% above mean ear weight at the 

first harvest for all three varieties. According to Baggett 

et al (1988), not only average ear weight (lbs/ear), but 

number of good ears per acre, tons of good ears per acre of 

sweet corn all increase with maturity.  This means that, 
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over the normal maturity range for processing, the later the 

sweet corn is harvested, the higher the yield will be. 

Yield, however, is not the only factor determining when to 

harvest the corn for processing. The optimum harvest time 

is usually the best compromise between yield and quality of 

sweet corn. 

3. Soluble Solids: 

The results for % soluble solids are presented in Table 

1 and Figure 4. Soluble solids content of Jubilee was 

significantly higher than that of the two supersweet 

varieties. Mean soluble solids values in the comparable 

range of processing maturity were 16.8% for Rogers 3376, 

14.2% for CNS 710, and 26.8% for Jubilee. The significantly 

higher soluble solids content of the normal sweet variety 

Jubilee, which is also shown to have lower total sugars 

(Table 1), is believed due to the following two reasons: 1) 

the lower moisture range at which Jubilee corn was harvested 

relative to the supersweet varieties would elevate the 

soluble solids reading for Jubilee; 2) accumulation of water 

soluble polysaccharide (WSP) in the endosperm of Jubilee. 

With data of all three varieties pooled together, 

regression of % soluble solids on % moisture, % total 

sugars, and % water soluble polysaccharide resulted in the 
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following equation: 

Y= 59.335 - 0.676X, + 0.257X2 + O.2O5X3 

In the above equation, Y = soluble solids content in %, X, 

= moisture content in %, and X2 = water soluble 

polysaccharide in % dry weight, and X3 = total sugars 

content in % dry weight. All three independent variables 

in the equation are highly significant in predicting % 

soluble solids. The coefficient of determination (r2) for 

this equation is 0.976, which means that 97.6% changes in 

% soluble solids of the three varieties of sweet corn used 

in this study can be explained by the changes in moisture, 

water soluble polysaccharide, and total sugars. That normal 

sweet corn has higher soluble solids than supersweet corn 

is also reported by Collins et al (1987). 

Percent soluble solids and moisture content are highly 

significantly correlated.  The correlation coefficients for 

Jubilee, Rogers 3376 and CNS 710 are -0.98, -0.99, and -0.88 

respectively.  The regression equations for % moisture on 

% soluble solids are as follows: 

variety       equation standard error 
of estimate 

Jubilee       y=93.466-0.827x     0.581 

Rogers 3376    y=109.941-1.997x    0.584 

CNS 710        y=112.943-2.386x    1.25 

From the above equations it is concluded that percent 

soluble solids is a better index of maturity for the normal 
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sweet variety Jubilee than for the two supersweet varieties. 

Changes in soluble solids per 1% change in moisture were 

0.4% for CNS 710, 0.5% for Rogers 3376 and 1.2% for Jubilee. 

Thus the much slower changes in soluble solids compared with 

moisture in the two supersweet lines make percent soluble 

solids a less sensitive index than moisture for maturity 

changes in supersweet corn. For Jubilee, percent soluble 

solids is a more sensitive maturity index than moisture. 

4 . Pericarp: 

The results of percent pericarp based on frozen whole 

kernels defrosted to -2 to 2 0C are presented in Table 1. 

Differences among varieties were significant. CNS 710 had 

the highest pericarp content, while Rogers 3376 had the 

lowest. Changes with maturity depend on variety. Pericarp 

content increased significantly in both supersweet varieties 

and in normal sweet Jubilee over the comparable range of 

processing maturity in this study. However, pericarp 

increased only 5-6% in the supersweet lines as compared to 

25% increase for normal sweet Jubilee during the same period 

of maturation. 

Pericarp content of sweet corn affects the toughness 

of the kernels (Culpepper and Magoon, 1924; Bailey and 

Bailey, 1938). Usually the higher the pericarp content, the 



42 

tougher the kernels. The slow rate of increase in pericarp 

content of supersweet corn is a good feature because it 

allows a more prolonged harvest period without a substantial 

loss of the tenderness quality. 

5. Shear Press Test: 

The results of shear press tests (maximum shear force, 

total work of compression and shear, and work of compression 

only) are presented in Table 1. The compression work is the 

area under that part of the time-force curve from the origin 

to the first peak (Kramer, 1959). 

Values for maximum shear force (in Newtons) and total 

work (in Newton-meters) show no continuous patterns of 

change with maturity and are therefore not good indexes of 

maturity. For compression work, all varieties were 

significantly different and the last 2 maturities gave 

significantly larger values than the preceding maturities. 

Overall, the shear press test did not give accurate or 

consistent results. Reproducibility of shear press 

parameter values was poor among replicate samples of kernels 

from the same field replication. The correlations of % 

moisture with maximum shear force, with total work of 

compression and shear, and with work of compression are not 

statistically significant (the correlation coefficients are 
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0.19, 0.20, and 0.17 respectively). Therefore shear press 

tests appear to have no practical use as a maturity index. 

Further studies are needed to understand the relationship 

between shear press test results and sensory quality of 

sweet corn. 

6. Simple Sugars: 

6a. Sucrose; 

The results for sucrose as percentage values based on 

the dry kernel weight are presented in Table 1 and Figure 

5. The two supersweet varieties had significantly higher 

sucrose content than the normal sweet variety Jubilee. The 

average sucrose content on a dry weight basis for Rogers 

3376, CNS 710 and Jubilee was 38.4%, 27.1% and 11.6% 

respectively, with Rogers 3376 and CNS 710 having 3.5 and 

2.5 times as much sucrose as Jubilee. The high sucrose 

content in supersweet corn is due to the presence of the 

sh2 gene which prevents rapid conversion of sucrose to 

polysaccharides. 

The sucrose content of the two supersweet varieties, 

Rogers 3376 and CNS 710, decreased very slowly with maturity 

and the change became marginally significant only near the 

end of the 15-day harvest sequence.  On the other hand, 
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sucrose content of the normal sweet variety, Jubilee, 

declined continuously and rapidly to a level at the last 

harvest that was less than 50% of the content at the first 

harvest. 

Overall, sucrose content of supersweet corn was high 

and remained almost constant during the entire harvest 

period. Normal sweet corn, on the other hand, had much 

lower sucrose content and this level of sucrose decreased 

rapidly with maturity. 

6b. Glucose and Fructose: 

Results for glucose and fructose are presented in Table 

1. The two supersweet varieties had higher initial glucose 

content than the normal sweet variety. But the supersweet 

corn lost glucose faster than the normal sweet variety until 

both normal sweet and supersweet varieties had approximately 

the same percentage of glucose at the last stage of maturity 

sequence . For Jubilee, there was a significant increase 

in % glucose in later stages of maturity. This is probably 

due to sampling error rather than actual increase in glucose 

content. 

Both Rogers 3376 and CNS 710 had significantly higher 

fructose content than Jubilee. The fructose content of all 

three varieties decreased significantly with increasing 
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maturity. The rate of decrease was highest between the 

first and second harvests, then was reduced at later stages 

of maturity. 

6c. Reducing Sugars: 

Results for reducing sugars (sum of glucose and 

fructose) are presented in Table 1. Both Rogers 3376 and 

CNS 710 had significantly higher reducing sugars than 

Jubilee. Reducing sugar content of all three varieties 

decreased with maturity. Jubilee lost reducing sugars more 

slowly than the two supersweet varieties. Percent reducing 

sugars of Jubilee decreased by 40% from the first to the 

last harvest, while that of both supersweet varieties 

decreased by 56% (see Figure 6). 

6d. Total Sugars: 

Results for total sugars (sum of sucrose, glucose and 

fructose) are presented in Table 1 and Figure 7. Both 

Rogers 3376 and CNS 710 had significantly higher total 

sugars than Jubilee. Average total sugars on dry weight 

basis for Rogers 3376, CNS 710 and Jubilee are 42.8%, 30.5% 

and 13.9% respectively. Total sugars decreased with 

increasing maturity for all three varieties, but the rate 
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of decrease was much greater for Jubilee than for the two 

supersweet varieties. During the 15-day harvest period, the 

change in total sugars was from 45.8% to 40.3% for Rogers 

3376, from 33.5% to 29.8% for CNS 710, and from 19.5% to 

9.7% for Jubilee. While percent total sugars in the two 

supersweet varieties was reduced by approximately one tenth 

from first to last harvest, the percent in Jubilee declined 

by about one half (see Figure 7). 

7. Polysaccharides: 

7a. Water Soluble Polysaccharide (WSP): 

The results for WSP are presented in Table 1. The 

normal sweet variety Jubilee had about 50 times as much WSP 

content as the two supersweet varieties. Average WSP 

content for Jubilee was 50.2% dry weight, while that of 

Rogers 3376 and CNS 710 was only 1.25% and 0.82% 

respectively. The difference between WSP content of the two 

supersweet varieties was not statistically significant. 

While WSP of Jubilee increased significantly with increasing 

maturity, that of supersweet corn remained almost constant 

(see Figure 8) . 

The high level of WSP in normal sweet corn is a typical 

characteristic of the su gene.  The other common genotype 
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of sweet corn that has high WSP content is sugary enhancer 

(se) . WSP in sweet corn gives a creamy texture to the 

prepared product, but rapid conversion of sugars to WSP and 

the resultant loss of sweetness is one of the major problems 

affecting quality of normal sweet corn. 

7b. Starch; 

The results for starch are presented in Table 1. 

Rogers 3376 and CNS 710 had a significantly higher starch 

content than Jubilee. The average starch contents were 

20.7% for Rogers 3376, 26.4% for CNS 710 and 7.8% for 

Jubilee. The fact that supersweet corn has higher starch 

content than normal sweet corn may seem unexpected, but one 

should bear in mind that most polysaccharides in the normal 

sweet corn exist in water soluble form. Jennings and 

McCombs (1969) also reported that supersweet corn (at 80- 

70% moisture) has higher starch content than normal sweet 

corn (78-60% moisture). 

Starch content of the two supersweet corn increased 

slowly but steadily with increasing maturity, while that of 

Jubilee only increased slightly. During the entire harvest 

period, starch content increased from 14.3% to 24.1% for 

Rogers 3376, from 21.7 to 28.0% for CNS 710, and from 6.7% 

to 7.7% for Jubilee. Again, most polysaccharides in Jubilee 
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accumulate in water soluble form (see Figure 9). 

7c. Total Polysaccharides: 

The results of total polysaccharides (sum of WSP and 

starch) are presented in Table 1 and Figure 10. Jubilee had 

significantly higher total polysaccharides than the two 

supersweet varieties. On average, total polysaccharides 

content was 22.0% for Rogers 3376, 27.2% for CNS 710, and 

58.1% for Jubilee. Total polysaccharides of Jubilee 

consisted mostly of WSP, while those of Rogers 3376 and CNS 

710 were primarily starch. The lower polysaccharides 

content in supersweet corn is expected since the sh2 gene 

partially blocks the conversion of sugars to 

polysaccharides. Therefore, considerable amount of 

carbohydrate in supersweet corn accumulates in the sugar 

form while total polysaccharides remain significantly low. 

Total polysaccharides of all three varieties increased 

with maturity. From first to last harvest, total 

polysaccharides increased from 15.5% to 25.3% for Rogers 

3376, from 22.4 to 28.8% for CNS 710, and from 51.5% to 

63.2% for Jubilee. Increase in total polysaccharides is 

mainly due to accumulation of WSP for Jubilee, and due to 

the increase in starch for supersweet corn. 
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8. Total Carbohydrates: 

Results for total carbohydrates (sum of sucrose, 

glucose, fructose, WSP and starch) are presented in Table 

1 and Figure 11. Jubilee had significantly higher total 

carbohydrates than Rogers 3376 and CNS 710. Over the 6 

harvest sequence, the average total carbohydrate content on 

a dry weight basis was 64.8% for Rogers 3376, 57.7% for CNS 

710 and 72.0% for Jubilee. In comparison with the normal 

sweet Jubilee corn, the two supersweet varieties had a 

definitely higher sugar content, a much lower total 

polysaccharides content, and on balance a lower total 

carbohydrate content. 

Total carbohydrates of all three varieties increased 

with increasing maturity in the similar manner. Percent 

total carbohydrates increased significantly at early stages 

of harvest maturity and then remained constant in later 

stages. Although the percentage of total carbohydrate did 

not increase substantially with maturity, the amount of 

total carbohydrates did increase since average ear weight 

and percent dry weight of the kernels both increased with 

maturity. The increase in dry matter in the kernels is more 

or less proportional between carbohydrate and non- 

carbohydrate components. 
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9. Effects of Blanching: 

To study the effects of steam blanching on carbohydrate 

composition of sweet corn cobbettes, individual carbohydrate 

components were analyzed on both blanched and non-blanched 

samples. To simplify the comparison between results of 

blanched and non-blanched samples, only values of total 

sugars (sum of sucrose, glucose and fructose), total 

polysaccharides (sum of WSP and starch), and total 

carbohydrates (sum of total sugars and total polysac- 

charides) were reported. Comparisons were analyzed 

statistically by paired t-test and by ANOVA on differences 

between the two treatments. Results are presented in Table 

2. 

9a. on Total Sugars: 

Overall, blanching in 99 0C steam for 10 minutes 

resulted in a significantly lower percent total sugars. 

The paired t-test showed that the difference between results 

of blanched and non-blanched samples was significant. The 

mean value of difference was -1.8%, with 95% confidence 

interval of the difference as (-2.1%, -1.5%). The lower % 

total sugars in blanched samples is probably due to leaching 

of sugars during steam blanching and subsequent water 
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cooling. The ANOVA on differences between the two 

treatments showed that there were no significant variety x 

maturity interactions and no significant variety effects. 

However, the maturity effect was significant and an 

examination of the data showed that the size of the 

difference between blanched and non-blanched samples 

decreased from early maturity to late maturity. This result 

may be explained by the fact that the pericarp increases in 

toughness and decreases in permeability with kernel 

maturation. 

9b. on Total Polysaccharides: 

Steam blanching did not significantly change % total 

polysaccharides of the two supersweet varieties. However, 

% total polysaccharides in blanched samples of Jubilee was 

significantly higher than that of non-blanched samples. The 

mean difference was 5.1%. It is unlikely that blanching 

can actually result in higher polysaccharides content. The 

observed increase is probably due to the fact that the 

thermal treatment of the samples during blanching 

facilitates the extraction of polysaccharides from the 

samples. According to Huelsen (1954), blanching results in 

gelatinization of starch. It is possible that sugars can 

be converted to polysaccharides resulting in higher total 
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polysaccharides. But the fact that % total carbohydrates 

in blanched Jubilee samples was higher than in non-blanched 

samples (as will be reported later) excludes this 

possibility. 

9c. on Total Carbohydrates: 

Steam blanching of supersweet corn resulted in 

significantly lower % total carbohydrates values in 

supersweet corn. The mean difference for Rogers 337 6 and 

CNS 710 was -1.60% and -0.77% respectively. Since 

blanching did not significantly reduce % total 

polysaccharides in supersweet corn, the lower % total 

carbohydrates was mainly due to the leaching of sugars. 

Percent total carbohydrates was higher in blanched Jubilee 

samples. The mean difference was 2.6%. This is the net 

result of lower total sugars and higher total 

polysaccharides. The possible reason why blanched Jubilee 

samples might have higher polysaccharides has been explained 

above. 
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V. SUMMARY AND CONCLUSIONS 

Two supersweet (sh2) corn varieties, "Rogers 3376" and 

"Crisp 'N Sweet 710", and one normal sweet (su) variety 

"Jubilee" were planted in a split-plot design with 4 blocks, 

with variety as main plot and maturity as subplot. Each 

variety was harvested at six stages of processing maturity 

at three day intervals. Changes of physical and chemical 

properties with maturity and effects of steam blanching on 

carbohydrate composition of both genotypes of sweet corn 

were determined and compared. The following conclusions are 

drawn from the study: 

1. Moisture content decreased with maturity. The rates 

at which moisture decreased varied with variety. Crisp 'N 

Sweet 710 had the lowest rate of the three varieties. A 

quick microwave oven moisture method which had previously 

been shown to be satisfactory on normal sweet corn was 

evaluated and found to be equally satisfactory on supersweet 

corn. 

2. Average ear weight (lbs/ear) of all three varieties 

increased by approximately 25% during the 15-day harvest 

period. The increase was almost linear, and both normal 

sweet and supersweet corn produced the same pattern.  A 
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delay of harvest in this harvest range therefore results in 

a continuously increasing yield for both normal sweet and 

supersweet genotypes. 

3. Percent soluble solids increased with maturity in 

both genotypes. However, percent soluble solids of the 

supersweet corn was about 40% below the normal sweet corn 

solids at the first harvest and increased less rapidly with 

increasing maturity. The normal sweet variety Jubilee, 

which was also shown to have lower total sugars, had 

significantly higher soluble solids content than the two 

supersweet varieties due to the lower moisture range in 

which it was harvested and due to the accumulation of water 

soluble polysaccharide in the endosperm. Percent soluble 

solids is a more sensitive maturity index for normal sweet 

corn than for supersweet corn. Moisture content of normal 

sweet corn can be predicted from % soluble solids with less 

than 1% error. 

4. Percent pericarp of normal sweet corn increased 

steadily with maturity. Pericarp of supersweet corn also 

showed statistical evidence of an increasing trend with 

maturity, but the rate was much lower than that of normal 

sweet corn. Although the mean pericarp content of the 

normal sweet Jubilee was intermediate between that of the 
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two supersweet varieties, the slow rate at which pericarp 

content of supersweet corn increases is a good feature which 

allows a more prolonged harvest period without rapid loss 

of tenderness quality. 

5. There was no significant correlation between percent 

moisture and values of the shear press tests (maximum shear 

force, total work of compression and shear, and work of 

compression). Shear press tests did not give accurate or 

consistent results and were therefore not considered good 

maturity indexes. Further studies are needed regarding the 

interpretation of the shear press test results. 

6. Loss of sugar content and resultant loss of 

sweetness in supersweet corn should not be of major quality 

concern to either grower or processor when moisture content 

is in the range of 80-73% since the percent total sugars 

(mainly sucrose)  of supersweet corn averaged 2-3 times 

higher and decreased much more slowly than that of normal 

sweet corn in the corresponding maturity range for 

processing. However, loss of sugar content in normal sweet 

corn would be of major quality concern when harvested at 75- 

68% moisture since sugar content of this genotype decreased 

dramatically with increasing maturity. 
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7. The polysaccharide fraction of total carbohydrates 

mainly consists of water soluble polysaccharide (WSP) in 

normal sweet corn and of starch in supersweet corn. Normal 

sweet corn had higher total polysaccharides than supersweet 

corn. Further studies are needed to understand how the 

level of polysaccharides affects sensory quality of sweet 

corn. From the growers' point of view, high sugars and low 

polysaccharides in supersweet corn kernels result in seeds 

with less desired characteristics such as: (1) more 

susceptible to microbial attack, (2) reduced germination 

rate, and (3) less seedling vigour. 

8 . Although higher in total sugars compared with normal 

sweet corn, supersweet corn is lower in % total carbohy- 

drates due to its low polysaccharide level. Recent interest 

in supersweet corn has been focused on carbohydrate composi- 

tion. It would be an interesting area for further research 

to investigate the composition of certain non-carbohydrates 

(such as protein, fat, total dietary fiber) of sweet corn 

and whether these non-carbohydrate components of supersweet 

corn have any superior quality over those of normal sweet 

corn. 

9. Blanching of corn-on-the-cob in 99 0C steam for 10 

minutes resulted in significant loss of sugars in all three 
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varieties. There was no significant loss in polysaccharides 

due to blanching. With the high level of sugars in 

supersweet corn, the slight loss of sugars shown due to 

blanching should not change the sweetness acceptability of 

the corn significantly. For normal sweet corn, the loss of 

2.5% sugars in absolute amount (18% of the mean value) might 

cause appreciable change in apparent sweetness. But since 

blanching is essential for long term freezing storage, one 

has to either sustain the loss or change to other ways of 

blanching like high temperature short time (HTST) blanching. 



58 

1 

3 
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Figure 1. Changes in % Moisture of Sweet Com with 
Increasing Maturity. 
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Figure 2. Regression of Vacuum Oven Moisture on 
Microwave Oven Moisture. 
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Figure 3. Changes in Average Ear Weight  (lbs/ear) of 
Sweet Com with Increasing Maturity. 
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Figure 4. Changes in    % Soluble Solids of Sweet Com 
with Increasing Maturity. 
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Figure 5. Changes in % Sucrose of Sweet Com with 
Increasing Maturity. 
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Figure 6. Changes in % Reducing   Sugars  (Sum of Glucose 
and Fructose)  of Sweet Com with Increasing 
Maturity. 
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Figure 7. Changes in % Total Sugars  (Sum of Sucrose, 
Glucose and Fructose)  of Sweet Com with 
Increasing Maturity. 
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(WSP) of Sweet Com with Increasing 
Maturity. 



66 

in 

8 

1 

Days from First Harvest 
Crisp   'N Sweet 710 +    Jubilee 

o    Rogers 3376 

Figure 9. Changes in % Starch of Sweet Com with 
Increasing Maturity. 
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Figure 10. Changes in % Total Polysaccharides  (Sum of 
WSP and Starch)  of Sweet Cbm with 
Increasing Maturity. 
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Days from First Harvest 
□    Crisp   'N Sweet 710 +    Jubi lee 

o    Rogers 3376 

Figure 11. Changes in % Total Carbohydrates  (Sum of 
Sugars and Polysaccharides)  of Sweet Com 
with Increasing Maturity. 
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Variety Maturity Vacuum Microwave Average Soluble Pericarp 

(%)b 
Compres'n Total Maximum Sucrose 

(%)C 
Glucose 

<%>C 
Fructose Reducing Total WSP Starch Total Total 

Oven Oven Weight Solids Work Work Shear (%)C Sugars Sugars (%)C (%)C Polysac- Carbohy- 

Moisture Moisture (lbs/ear) (%) (Nm) (Nm) Force (%)C (%)C charides drates 

(%)a (%)a (N) <%>C (%)C 

CNS 710 1 79.7 79.8 0.625 13.3 1.75 24.1 55.5 3291 28.11 2.97 2.44 5.40 33.51 0.73 21.68 22.40 55.91 

2 78.5 78.6 0.683 13.5 1.70 23.3 52.1 3088 27.08 2.13 1.76 3.90 30.97 0.96 24.88 25.84 56.81 

3 76.3 76.4 0.688 14.0 1.72 24.5 53.2 2862 26.89 1.83 1.54 3.37 30.26 0.87 27.15 28.02 58.28 

4 75.2 74.9 0.743 14.2 1.75 24.8 53.4 2747 27.04 1.52 1.27 2.",B 29.83 0.75 27.52 28.27 58.09 

5 73.7 73.4 0.748 14.8 1.85 27.4 57.2 2737 25.95 1.37 1.11 2.48 28.43 0.84 28.96 29.80 58.23 

6 73.7 73.5 0.778 15.2 1.80 28.3 55.0 2733 27.41 1.33 1.04 2.37 29.78 0.76 28.03 28.79 58.57 

mean     0.710 14.2 1.76 25.4 54.4 2910 27.08 1.86 1.53 3.38 30.46 0.82 26.37 27.19 57.65 

Rogers 1 81.5 81.3 0.453 14.5 1.16 14.2 36.5 1916 39.24 3.56 2.98 6.54 45.78 1.21 14.32 15.53 61.30 
3376 

2 79.6 79.8 0.468 15.1 1.16 15.8 38.1 1878 38.20 2.90 2.43 5.3', 43.54 1.35 18.84 20.18 63.72 

3 77.2 77.3 0.503 16.4 1.23 16.3 38.6 1819 38.69 2.29 1.90 4.19 42.88 1.20 21.04 22.24 65.11 

1 74.0 74.0 0.518 17.9 1.19 15.9 37.0 1655 39.27 2.06 1.74 3.8J 43.07 1.30 22.11 23.41 66.48 

5 73.6 73.4 0.525 18.1 1.22 17.9 40.5 1723 37.99 1.83 1.52 3.3- 41.13 1.20 24.02 25.22 66.35 

6 72.2 72.6 0.568 18.8 1.23 20.3 43.6 1329 37.41 1.59 1.29 2. en 40.29 1.26 24.08 25.33 65.63 

mean     0.505 16.8 1.20 16.7 39.0 1803 38.43 2.37 1.98 4.35 42.78 1.25 20.73 21.99 64.77 

Jubilee 1 75.9 75.8 0.510 21.9 1.23 13.6 38.1 2247 16.28 1.65 1.61 3.2f. 19.54 44.62 6.73 51.53 70.88 

2 73.4 73.5 0.550 24.3 1.31 13.9 38.7 2102 13.48 1.24 1.24 2.48 15.97 47.67 7.92 55.59 71.55 

3 71.8 72.0 0.557 25.3 1.31 14.2 38.1 2173 12.88 1.21 1.10 2.3! 15.19 48.33 8.22 56.55 71.74 

4 70.2 70.2 0.598 28.2 1.37 13.6 36.6 2153 10.72 1.06 0.82 1.88 12.60 51.72 8.37 60.09 72.69 

5 68.9 69.0 0.625 29.9 1.47 14.8 38.4 2267 8.58 1.15 0.69 1.84 10.41 53.69 7.87 61.56 71.97 

6 67.4 67.6 0.640 31.5 1.56 16.3 39.6 2288 7.78 1.32 0.64 1.95 9.73 55.43 7.74 63.17 72.91 

f 

mean     0.580 26.8 1.38 14.4 38.2 2204 11.62 1.27 1.01 2.29 13.91 50.24 7.81 58.05 71.96 

LSD(.05) Varietyd     0.048 1.3 0.06 0.7 1.6 76 1.38 0.27 0.27 0.53 1.37 1.76 1.50 1.56 0.69 

Maturity6     0.031 1.2 0.06 1.5 2.7 237 1.62 0.19 0.18 0.36 1.66 1.20 1.57 1.67 1.59 

a% of fresh whole kernels.    b% of defrosted whole kernels.     c % dry weight. LSD(.05) ^or variety means 
"LSDj Q5, for maturities within varieties. 
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Table  2.   Effects  of  Steam Blanching  on  Carbohydrate 
Composition  of  Sweet  Corn 

Variety     Maturity    % Total     » Total     % Total     % Total % Total % Total 

Sugars      Sugars      Polysac-    Polysac- Carbohy- Carbohy- 

(blanched)  (not       charides    chrldes drates drates 

blanched)   (blanched)  (not (blanched) (not 

blanched) blanched) 

CNS   710 1 33.51 34.95 22.40 20.79 55.91 55.74 

2 30.97 33.29 25.84 23.94 56.81 57.23 

3 30.26 31.80 28.02 27.37 58.28 59.18 

4 29.83 30.70 28.27 29.27 58.09 59.97 

5 28.43 29.54 29.80 30.11 58.23 59.66 

6 29.78 30.13 28.79 28.62 58.57 58.75 

Mean 30.46 31.74 27.19 26.68 57.65 58.42 

Rogers 1 45.78 48.82 15.53 12.76 61.30 61.58 
3376 

2 43.54 46.01 20.18 17.94 63.72 63.96 

3 42.88 44.48 22.24 20.77 65.11 65.24 

4 43.07 43.90 23.41 23.85 66.48 67.75 

5 41.13 42.30 25.22 26.88 66.35 69.18 

6 40.29 41.39 25.33 28.81 65.63 70.20 

Mean 42.78 44.48 21.99 21.83 64.77 66.32 

Jubilee 1 19.54 22.34 51.35 44.85 70.88 67.19 

2 15.97 19.04 55.59 49.45 71.55 68.49 

3 15.19 17.36 56.55 52.27 71.74 69.64 

4 12.60 15.05 60.09 55.37 72.69 70.42 

5 10.41 12.52 61.56 57.25 71.97 69.77 

6 9.73 11.99 63.17 58.49 72.91 70.47 

Mean 13.91 16.38 58.05 52.94 71.96 69.33 

LSD(.05) Variety3 1.37 1.07 1.56 1.37 0.69 1.01 

Maturity 1.66 1.55 1.67 1.83 1.59 1.40 

LSD(.05) ^or variety means.   LSD( Q5) for maturities within varieties. 



Table 3. An Example of ANOVA of 
the Split-Plot Design 

(Response Variable: Sucrose) 
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Source of SS df MS F 
Variation 

Variety 8693.9288 2 4346.9911 1132** 
(A) 

Block 14.2228 3 4.7409 1.23 

Error (A) 23.0402 6 3.8400   

Maturity 120.3914 5 24.0783 18.72** 

(B) 

Variety x 107.4180 10 10.7418 8.35** 
Maturity 

(AXB) 

Error 57.8688 45 1.2860   
(AB) 

Total 9016.9234 71     

f'o.os '0.01 

5.14 

4.76 

2.43 

2.06 

10.92 

9.78 

3.47 

2.76 

Significant at 95* level 

Significant at 99% level 
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Table 4. Significant Levels of Variety, Maturity 
and Their Interaction for 

All Response Variables 

Response Variable       Variety   Maturity  Variety x 
Maturity 

Average Ear Weight ** ** NS 

Soluble Solids ** ** ** 

Pericarp ** ** ** 

Maximum Shear Force ** ** * 

Total Work ** ** * 

Compression Work ** ** * 

Sucrose ** ** ** 

Glucose ** ** ** 

Fructose ** ** ** 

Reducing Sugars ** ** ** 

Total Sugars ** ** ** 

WSP * * * * * * 

Starch ** ** ** 

Total ** ** ** 
Polysaccharides 

Total ** ** NS 
Carbohydrates 

* Significant at 95% level 
** Significant at 99% level 
NS Not significant 
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