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of the easily hydrolyzed portion of the cell wall fiber to its 
rate and percentage digestibility in ruminant animals. 
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Dietary Fiber Content of Some Tropical Fruits and Vegetables 

Eric D. Lund* and John M. Smoot 

The dietary fiber composition of some common tropical fruits and vegetables was studied. Samples 
analyzed were pineapple, carambola, sapodilla, papaya, mango, grapefruit, sweet potato, and yam. Values 
for cellulose, hemicellulose, lignin, cutin, ash, neutral detergent residue (NDR), and enzymatic (insoluble 
and soluble) fractions were obtained (percent of fresh weight). NDR for most samples was 0.9-1.2%. 
Cellulose was 0.1-0.9%, except sapodilla (2.4%) and sweet potato peel (1.4 and 1.9%). Lignin was around 
0.025-0.17%; carambola (0.3%), sapodilla (2.3’3~1, and sweet potato peel (0.4%) were exceptions. 
Hemicellulose was about 0.04-0.4%; exceptions were pineapple (0.5%), sapodilla (0.6%), and tropical 
(Puerto Rican) sweet potato peel (0.9%). In some samples nutritionally valuable fiber components were 
relatively concentrated, and they may be potential sources of concentrated fiber fractions with useful 
physiological properties. Sapodilla, in particular, seems to be an abundant source of lignin and cellulose. 

The composition of fiber fractions in forages and cereals 
has been thoroughly investigated, but fiber in fruits and 
vegetables has not been as well studied. Previous inves- 
tigations (Kamath and Belvady, 1980; Shipley, 1978) 
showed some differences between cereal products, fruits, 
and vegetables. Grain products have relatively high hem- 
icellulose concentrations, vegetables have been found 
somewhat low in lignin, and the composition of fruits is 
usually somewhere between. Although some tropical fruits 
and vegetables have been analyzed, fiber in most of the 
common examples has not been reported. Tropical fruits 
and vegetables may contain unusual fiber components, 
some of which may have unique physiological properties, 
such as specific lipid binding capacities. 

Previous studies have shown that in a few tropical fruits 
and vegetables fiber components, in general, did not differ 
significantly from those of other fruits and vegetables. 
Among the more common tropical species, these authors 
(Kamath and Belvady, 1980; Shipley, 1978) reported values 
for sweet potato, yellow pumpkin (Curcurbita maxima), 
plantain, banana, mango, guava, grapefruit, and mandarin 
oranges. A report on olive fiber has also been published 
(Moreno and Diez, 1979). The Van Soest detergent pro- 
cedure or the Southgate procedure was used in the studies 
cited above. The Van Soest procedure yields values for 
cellulose, lignin, hemicellulose, and neutral detergent 
residue (NDR). The Southgate method gives cellulose and 
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lignin values, but the hemicellulose and pectin are usually 
reported together as “noncellulosic polysaccharides”. Most 
samples had 0.24% cellulose, 0.04-2.4% hemicellulose (or 
noncellulosic polysaccharides), and 04.8% lignin. A few 
samples deviated significantly from the usual composition 
range. Thus, plantain and guava contained relatively large 
lignin fractions (1.23 and 0.80%, respectively), and sweet 
potato had a large amount of noncellulosic polysaccharides 
(5.24%). 

In this report, the dietary fiber content of 15 samples 
from 8 different fruits and vegetables was determined. 
Modified forms of the Van Soest detergent and Hellend- 
oorn enzymatic methods were used (see Experimental 
Section). Differences between varieties, the effects of 
processing, and variations between different-parts of the 
plant were studied for some samples. 
EXPERIMENTAL SECTION 

Materials. Pineapple and papaya samples and one 
sample of sweet potato were purchased at  local markets. 
The yams (five types, listed in Table I) and the tropical 
sweet potato were obtained from the Mayaguez Institute 
of Tropical Agriculture, Mayaguez, PR. Carambolas, sa- 
podillas, and mangos were obtained from the USDA 
Subtropical Horticultural Research Station at  Miami, FL. 
The grapefruit were obtained from USDA Horticultural 
Field Station, Orlando, FL. 

General Procedure. Unless otherwise noted, the 
edible, fleshy portion of the fruit or vegetable was analyzed. 
Since the peels of sweet potato are also edible, they were 
analyzed separately from the flesh. The peel of carambola 
is normally consumed with the fruit flesh, thus the ana- 
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Table I. Fiber Content As Determined bv Nonseauential (N)  and Seauential (S1 Detergent Methods 
fiber content, % of fresh wt 

NDR (N) NDR (S) ADR ( N )  ADR (S) 

Tean Ma 0.89 f 0.01 1.10 f 0.003 0.66 f 0.02 0.78 f 0.02 
No. 44 1.04 5 0.08 1.21 t 0.02 0.65 f 0.09 0.85 f 0.03 

sapodilla 2.46 ?: 0.11 5.30 f 0.18 1.98 f 0.06 4.67 f 0.18 
sweet potato 

flesh 1.14 f 0.02 1.20 f 0.09 0.95 f 0.04 0.83 f 0.03 
peel 1.99 f 0.11 2.07 i 0.04 2.10 i 0.08 1.70 f 0.05 

flesh 1.13 t 0.03 1.14 f 0.03 1.31 f 0.04 1.05 t 0.001 
peel 3.15 i 0.01 3.27 i 0.07 2.90 f 0.04 2.33 f 0.04 

Forester0 0.89 i 0.04 0.90 f 0.03 0.89 f 0.02 0.72 t 0.03 
Gunung 1.28 f 0.06 1.37 i 0.02 1.13 f 0.04 0.98 f 0.02 

unspecified 0.80 2 0.03 0.79 f 0.02 0.79 t 0.01 0.63 i 0.02 

caram bola 

supermarke ta 

tropicalb 

yam (Dioscorea) 
alata 

Obtained from a local market. Obtained from Puerto Rico. 

lytical sample included peel. For all samples (800-900 g), 
the fresh fruit was cut into small pieces, then frozen in 
liquid nitrogen, and homogenized in a blendor prior to 
analysis. 

Dry weight was determined by holding a 5-g sample of 
the fresh blended material in a vacuum oven at 70 "C and 
1 torr for 6 h. The dried sample was allowed to cool to 
room temperature in a desiccator and then weighed. 

Detergent Analysis. Samples were analyzed for fiber 
by a modified form of the Van Soest detergent procedure 
(Robertson, 1978). The sample was extracted with neutral 
and acid detergent solutions. The residues were designated 
respectively the neutral detergent residue (NDR) and acid 
detergent residue (ADR). The NDR contained the plant 
cell wall without pectins (cellulose, hemicellulose, lignin, 
cutin, and insoluble minerals), and the ADR contained 
lignin, cellulose, cutin, and insoluble minerals. The amount 
of hemicellulose was determined by subtracting the two 
values. Lignin was determined by the permanganate 
method. The amount of cellulose was determined as the 
difference between the permanganate-insoluble residue 
and ash. Cutin was determined by treatment of the cel- 
lulose residue with 72% H2S04. When the ADR did not 
contain dark particles, a cutin analysis was not carried out. 

As a check for anomalous ADR values, nonsequential 
and sequential methods were employed (three samples by 
each method). Use of the sequential method eliminated 
any possible error caused by the presence of tannins and 
acid-insoluble pectins, which can appear in the ADR when 
the sample is extracted directly with acid detergent solu- 
tion. In the nonsequential method, the neutral and acid 
detergent extractions were carried out separately on dif- 
ferent portions of the same sample. For the sequential 
analysis, the sample was first extracted with the neutral 
detergent solution, and then the residue was extracted with 
the acid detergent solution. Sodium sulfite was added to 
the nonsequential neutral detergent solution as an anti- 
oxidant for improved extraction of protein. It was not used 
in the sequential procedure. 

High starch samples (yam and sweet potato) were de- 
gassed by evacuation at  l torr for l h, heated in an auto- 
clave for 1 h at  130 "C, and then treated with a-amylase 
for starch removal as described by McQueen and Nicholson 
(1979). However, we had to use twice the concentration 
of enzyme that they recommended. 

Interference from pectin was estimated by analysis of 
a sample of grapefruit albedo. The albedo was analyzed 
by the modified detergent method described above (non- 

sequential analysis). Pectin was determined in the initial 
albedo sample, the NDR, and the ADR by the modified 
uronic acid carbazole reaction (Bitter and Muir, 1962). 

Enzymatic Analysis. Fiber composition was also de- 
termined by a modified version of Hellendoorn's enzymatic 
method (Schweizer and Wursch, 1979). Analyses were 
carried out in triplicate. The yam and sweet potato sam- 
ples were degassed as described above before the auto- 
claving step. For starchy vegetables (yam and sweet po- 
tato) we used 3 times the amount of amyloglucosidase 
recommended by Schweizer and Wursch. 
RESULTS AND DISCUSSION 

Dietary fiber composition was determined for a number 
of relatively common tropical fruits and starchy vegetables 
(sweet potatoes and yams). The interference of large 
amounts of starch and pectin required modification of the 
analytical procedure for many of the samples. 

Application of the reported procedures to starchy veg- 
etables resulted in abnormally large and variable NDR and 
enzymatic insoluble values. Therefore, both methods were 
modified until reasonably low and consistent values were 
obtained. Starch is usually removed by pretreatment with 
amylase. However, several modifications of the pre- 
treatment procedure were found necessary. Twice the 
amount of amylase suggested by McQueen and Nicholson 
(1979) was necessary for complete removal of starch prior 
to detergent analysis. Three times the amount of amylase 
recommended by Schweizer and Wursch (1979) was nec- 
essary for complete removal of starch prior to enzymatic 
analysis. In addition, in the procedure for detergent 
analysis we included the autoclaving step prior to the 
amylase pretreatment [as recommended by Schweizer and 
Wursch (1979) for the enzymatic analysis]. This step was 
necessary for complete removal of starch probably because 
the swelling of the starch granules made them more sus- 
ceptible to enzymatic degradation. Some of the yams 
appeared to contain a natural foam stabilizer that resulted 
in a significant loss of sample during the autoclaving step. 
Vacuum degassing prior to autoclaving eliminated this 
problem. 

The maximum error that might be caused by incomplete 
removal of pectin was estimated from the analysis of a high 
pectin sample (grapefruit albedo, 10.1% AGA) by the 
detergent method. Approximately 67.4% of the pectin was 
solubilized during the NDF procedure and 90% during the 
ADF procedure. Our results indicated, for most fruits and 
vegetables, which contain much less pectin, the error in 
the detergent values resulting from incomplete removal 
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of pectin is negligible [see Belo and deLumen (198l)l. 
A comparison of NDR and ADR data from analyses by 

the nonsequential and sequential methods for five samples 
is shown in Table I. These samples (carambola, sapodilla, 
sweet potato, and the Forastero, Gunung, and unspecified 
yams) were the only samples in which the two methods 
differed significantly (greater than 0.02-0.04% of fresh 
weight). For carambola and sapodilla, the sequential ADR 
and NDR values were greater than the nonsequential, and 
for ADR in sweet potatoes and the three yams, the non- 
sequential values were greater. The sequential method has 
been reported to reduce interference from tannins or 
acid-insoluble pectins. The lower values from the se- 
quential analyses of sweet potato and the three yams 
probably indicates that one (or both) was (were) present. 
Although the pectin content of yams has not been re- 
ported, sweet potato had a relatively high total pectin level 
(Reddy and Sistrunk, 1980). The higher values from se- 
quential analyses of carambola and sapodilla are probably 
due to other factors (see below). 

As the data in Table I1 show, NDR and enzymatic in- 
soluble fractions were comparable for most of the fruits. 
In contrast, values for some varieties of starchy vegetables 
varied considerably. Neutral detergent residue values 
varied from 0.16 to 5.2%. For most samples, the NDR was 
between 0.9 and 1.2%. Sapodilla contained much more 
cellulose, hemicellulose, lignin, and NDR than the other 
samples. 

NDR for starchy vegetables was usually lower than the 
enzymatic insoluble fraction. The difference between these 
two is probably due to a combination of insoluble pectin 
and other insoluble noncellulosic polysaccharides 
(Schweizer and Wursch, 1979). Apparently the fruits we 
analyzed did not contain significant amounts of these two 
fractions. Previous studies (Reddy and Sistrunk, 1980; 
Campbell and Palmer, 1978) reported 0.8-1.3 % total 
pectin in most commercial sweet potatos (0.2-0.3% water 
insoluble). The difference between the NDR and the en- 
zymatic insoluble fraction for sweet potato obtained from 
the supermarket (1.5-1.2 = 0.3%) could therefore be en- 
tirely water-insoluble pectin. Pectin in tropical (Puerto 
Rican) sweet potato and yams has not been reported. 
Since there are probably large amounts of mannans in 
yams (Sefa-Dedeh and Rasper, 1977), it seems Iikely that, 
in addition to pectin, mucilages of the mannan type may 
account for the large difference between the NDR and the 
enzymatic insoluble fraction for certain yams (Dioscorea 
esculenta var. Beti and Dioscorea alata var. Gunung). 

Since phenolics such as anthocyanins and tannins are 
abundant in some yams (Martin, 1979), polyphenolic ox- 
idation products can form during the analysis. These 
products could form insoluble complexes with the proteins 
or enzymes that could contribute to the abnormally high 
insoluble fraction found in yams by the enzymatic method. 

Pineapple contained somewhat more hemicellulose than 
most other fruits and vegetables. One of the fresh samples 
(A) contained more hemicellulose, NDR, and lignin than 
the other sample (B). Sample A also had a higher dry 
weight, 16.5 vs. 13.1%. The cellulose content of canned 
pineapple was slightly greater than that of the fresh fruit. 
Lignin values of the two canned samples were both low but 
differed considerably (0.042 vs. 0.021%). 

Lignin and cutin were both highly concentrated in 
carambola. The high cutin value (see footnote b, Table 
11) was apparently derived from the peel, since cutin 
particles were not observed in the flesh. The No. 44 variety 
contained larger amounts of cutin and NDR than Tean 
Ma. The cutin value by the nonsequential method (not 
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reported in Table 11) was about half the cutin value re- 
ported in Table I1 for the sequential analyses. The lower 
NDR value for the nonsequential method (Table I) could 
have been partly due to reaction of cutin with sulfite (used 
in this method as an antioxidant) and subsequent forma- 
tion of a water-soluble product. The difference could also 
possibly be due to formation of an insoluble protein 
fraction during the sequential procedure by reaction of 
protein with oxidized phenolics. These possible sources 
of error are discussed in detail by Robertson (1978). 

Sapodilla had relatively higher amounts of the three 
major constituents, cellulose, hemicellulose, and lignin. 
The enzymatic insoluble fraction was also high. The dry 
weight was relatively high for a fruit (22 vs. 10-17%). 
Sapodilla contains large quantities of tannins and probably 
a large amount of latex. Many hard white particles that 
could be latex particles were observed in the flesh near the 
seeds. The lower NDR values found in the nonsequential 
method (Table I) could be partly the result of solubilization 
of latex by sulfite. Formation of insoluble protein com- 
plexes during the sequential procedure could also produce 
this difference. The role of tannins is more difficult to 
evaluate since they can affect the results in various ways. 

The two mango varieties had very similar composition. 
Both results agreed closely with the data reported by 
Shipley (1978). The data for the two Indian varieties 
(Kamath and Belavady, 1980) differed considerably, and 
this probably reflects regional or varietal differences. 

For fresh grapefruit sections, lignin was lower and cel- 
lulose higher than that reported by Shipley (1978) in 
canned sections. Processed pineapple also contained in- 
creased cellulose and slightly decreased lignin as compared 
with that of fresh; however, the difference was not as 
pronounced. 

Increased lignin content of the peel accounted for most 
of the difference between the flesh and peel of the sweet 
potato sample obtained from the supermarket. Thus, 30% 
of the total lignin was in the peel, even though the peel 
fraction was only 7% of the total weight. In addition to 
increased lignin, the peel of the tropical (Puerto Rican) 
sweet potato contained more hemicellulose than the flesh. 

A unique feature of the yam fiber was the very high 
amount of ash observed in one variety (Muni). Since high 
ash values are usually associated with silica (Cummings, 
1976), it is possible that the Muni variety contains a high 
concentration of this inorganic material. 

In general, these analyses show that some tropical fruits 
and vegetables contain significant amounts of certain fiber 
components. For example, lignin was relatively high in 
carambola, sapodilla, and sweet potato peel, hemicellulose 
was high in pineapple, sapodilla, and tropical (Puerto 
Rican) sweet potato peel, and cellulose was relatively high 
in sapodilla and sweet potato peel. Since these fiber 
components could have useful physiological properties, 
some of these tropical fruits and vegetables have potential 
as sources of dietary fiber. 
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Sedimentation Equilibrium Study of the Interaction between Egg White Lysozyme 
and Ovomucin 

Steven M. Miller,l Akio Kato,2 and Shuryo Nakai* 

Molecular weight distribution determination using sedimentation equilibrium ultracentrifugation was 
applied for investigating the interaction of lysozyme with native and reduced ovomucins. This method 
was found to be more sensitive and reliable than the earlier methods measuring precipitates or turbidity. 
The interaction seemed to be typically electrostatic: favored by lower temperatures and ionic strengths 
but decreased by acetylation of lysozyme. Removal of sialic acid residues from ovomucin had little effect. 
The extent of interaction of lysozyme with native ovomucin in 1:l (w/w) mixtures was 20-30%, con- 
siderably lower than 70-80% with reduced, alkylated ovomucin at an ionic strength of 0.07. However, 
a t  an ionic strength of 0.13 the extent of interaction was about 6% with no difference between native 
and reduced, alkylated ovomucins. On the basis of these results using experimental conditions closer 
to those of natural egg white than have been previously reported, the ovomucin-lysozyme interaction 
is unlikely to be a cause of egg white thinning. 

A number of workers have suggested that protein-pro- 
tein interactions between ovomuucin and lysozyme are 
intimately involved in the maintenance of the gel structure 
of thick egg white and the process of egg white thinning 
(Kato and Sato, 1972; Kato et al., 1970a,b, 1971,1975,1976; 
Robinson, 1972; Robinson and Monsey, 1972). Attempts 
in the past to quantitate the extent of this interaction 
under varying conditions of pH and ionic strength have 
been based upon the observation that lysozyme and ovo- 
mucin will interact to form an insoluble complex (Dam, 
1971; Dam and Bennett, 1963; Kato and Sato, 1972; Kat0 
et al., 1971, 1975, 1976; Robinson, 1972; Robinson and 
Monsey, 1969). Detailed measurements of the extent of 
interaction have been obtained by using turbidimetric 
measurements a t  450 nm (Robinson and Monsey, 1969, 
1972), 550 nm (Kato et al., 1975,1976), and 600 nm (Kato 
and Sato, 1972; Kat0 et al., 1971) of mixtures of lysozyme 
and reduced ovomucin. However, since not all interaction 
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products could cause turbidity, these data may not be 
reliable. 

Sedimentation equilibrium ultracentrifugation is more 
suitable for the study of macromolecule-macromolecule 
interactions (Howlett and Nichol, 1973). Molecular weight 
distributions of interacting proteins calculated by multiple 
regression analysis of sedimentation equilibrium data has 
recently been used to study the interaction of aB1- and 
K-caseins (van de Voort et al., 1979). An advantage of this 
technique over turbidimetric measurements is that soluble 
protein-protein interaction products can be detected. 
Moreover, the use of a UV scanning system provides a 
direct measure of protein concentration. Therefore, this 
method may be able to provide direct evidence of a lyso- 
zyme-ovomucin interaction. 

Ovomucin is a complex of a t  least two distinct glyco- 
proteins, a- and 0-ovomucins (Hayakawa and Sato, 1976; 
Kato and Sato, 1971,1972; Kato et al., 1971; Robinson and 
Monsey, 1971,1975), and the interaction of lysozyme with 
0-ovomucin has been reported to be much stronger than 
that with a-ovomucin. Furthermore, it has been reported 
that the interaction is electrostatic in nature, involving the 
negative charges of the terminal sialic acid residues in 
ovomucin and the positive charges of the lysyl t-amino 
groups in lysozyme (Kato et al., 1975,1976). Since these 
determinations were made by using turbidimetric methods, 
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