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Dietary Fiber Composition of
‘Starkspur Supreme Delicious’ Apple Fruit
as Influenced by Rootstock and Growing Region
Ferpous GHEYAS, ERIC YOUNG, SyLviA M. BLANKENSHIP! AND R. F. MCFEETERS?

Abstract

Fruit from nine year old ‘Starkspur Supreme
Delicious’ apples grown on seven different root-
stocks: B.9, &26 EMLA, M.7 EMLA, CG.10,
P1, MAC.39, and seedling were analyzed to
study the effects of rootstock on dietary fiber
composition of fruit. Effects of growing region
on fiber composition were studied using apples
from nine-year old ‘Starkspur Supreme Deli-
cious’ trees on M.26 EMLA grown in uniform
trials in Washin%t]on, Minnesota, Kansas, Arkan-
sas, Ohio, North Carolina, and Maine. There
were significant rootstock effects on both non-
starch polysaccharide (NSP) content and non-
starch cell wall material (NSCWM) of apple.
NSCWM content was not affected by growin
region. However, there was significant effect o
growing region on NSP content of apple. NSP
content ranged from 1.48 g/100g flesh in fruit
from trees on B.9 to 1.98 g/100 g flesh in fruit
from trees on a P1 rootstock. It ranged from
1.41 g/100 g flesh in apples grown in Minnesota
to 1.77 F/ 100 g flesh in Arkansas apples. There
were also significant rootstock and regional
effects on relative composition of monosac-
charides.

Introduction

Apples are an important source of
dietary fiber. Many nutritional charts
list the level of dietary fiber present in
apple fruit, however they only occa-
sionally mention the name of the culti-
var analyzed. Information on rootstock
and growing region are usually never
mentioned. However, rootstock and
growing region have been known to
affect various nutritional and quality
aspects of apple fruit. Barden and
Marini (1) studied the effect of root-
stock on the maturity and quality of

apples. They analyzed fruit grown on
M.27 EMLA, M.7 EMLA, MAC.24,
M.9 EMLA. and OAR 1 rootstocks
and reported a significant effect of
rootstock on starch content and soluble
solid concentration. Effect of stem-
piece and rootstock combinations on
quality of ‘Empire’ apples have also
been reported (6). Plant growth, yield
and fruit quality have been found to
be directly influenced by factors re-
lated to environmental conditions (2).
However, no extensive data regarding
the effects of rootstock and growing
region on fiber content and composi-
tion of apple are available in the
literature.

The objective of this research was
to study how fiber content and compo-
sition of apple fruit were affected by
rootstock and growing region.

Materials and Methods

The NC-140 Rootstock Trial (planted
1984) provided the fruit used in this
work.

Rootstock Study: Nine year old
‘Starkspur Supreme Delicious’ apples
grown on seven different rootstocks:
M.26 EMLA, M.7 EMLA, CG.10, P1,
B.9, MAC.39, and seedling were col-
lected from the rootstock trial at
Fletcher, North Carolina.

Growing region study: Apples from
nine-year-old ‘Starkspur Supreme De-
licious’ trees on M.26 EMLA rootstocks
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grown in Maine, Kansas, Ohio, Min-
nesota, Washington, Arkansas, and
North Carolina were used in this work.

Experimental Design: The experi-
mental designs for all studies were
randomized complete block designs.
Statistical analyses were done using
SAS Anova procedures (SAS Institute,
Cary, NC).

Firmness and Soluble Solids Mea-
surements: Ten aé)ples from each treat-
ment constituted a sample. Firmness
of each apple was measured using an
Effegi penetrometer with a 11 mm
tip. Apples were peeled and tested on
two Oﬂposing sides and the values
were then averaged. Percent soluble
solids were determined by placing
juice squeezed directly from the apple
onto a refractometer.

Analytical Procedures: A detailed
explanation of methods and calcula-
tions can be found in (5). Nonstarch
cell wall materials (NSCWM) were
extracted from apple pulp with ethanol
according to Southgate’s method (11).
The dried residue resulting from the
procedure constituted the cell wall
material (CWM) of apple flesh. The
starch portion in CWM was removed
with the enzyme amyloglucosidase.
The resultin%J ied residue represented
nonstarch cell wall material NSCWM)
of apple pulp and contained nonstarch
polysaccharides (NSP), lignins, some
proteins, and minerals. NSCWM was
then put through a hot water treatment
to yield soluble and insoluble NSCWM
fractions.

Neutral sugars in the total, insoluble,
and soluble NSCWM fractions were
converted to alditol acetates and mea-
sured according to the method of
Blakener (4).

Samples were analyzed by gas chro-
matography on a Varian 2800 GC
equipped with FID using a SP™2330
glass capillary column (length—30 m
and I.D.—0.75 mm). Injector, column
and detector temperatures were 220°C,
215°C, and 225°C, respectively. Dupli-
cate injections of 0.5 ul each were
made.

Uronic acids were determined usin
the methods of McFeeters and Lovda
(9) with a correction factor as proposed
by Scott (10).

Results

There were significant differences
in the fiber content of fruit grown on
different rootstocks (Tables 1 and 2).
Fruit from trees grown on P.1 rootstoc
had the highest NSCWM (2.41 g/100
g flesh) content whereas those from
trees on M.7 EMLA and M.26 EMLA
had the lowest (2.01 g/100g flesh).
NSCWM fraction includes proteins and
minerals in addition to dietary fiber
and is considered an overestimation
of dietary fiber content. On the other
hand, NSP fraction does not include
lignin and hence can be considered a
conservative estimate of dietary fiber.
NSP content ranged from 1.48 g/100
flesh in fruit from trees on B.9 to 1.9
%/ 100 g flesh in fruit from trees on P1.

elative amount of soluble and in-

Table 1. Influence of rootstock on NSCWM, total, insoluble and soluble NSP
content of ‘Starkspur Supreme Delicious’ apples.

Fiber fraction

Rootstock NSCWM Total NSP Insoluble NSP Soluble NSP
(g/100 g flesh) (9/100 g flesh) (g/100 g NSP

Seedling 212cd’ 1.70 bc 79.2 abc 20.8 abc
M.7 EMLA 201d 1.54 cde 792 abc 20.8 abc
M.26 EMLA 2.01d 1.50 de 81.3ab 18.7 bc
P1 241a 198 a 76.1 bc 239ab
MAC.39 2.33ab 1.79b 748¢c 252a
CG.10 2.29 abc 1.68 bed 836a 16.4¢c
B.9 2.04cd 1.48e 79.5 abc 20.5 abc

*Mean separation within columns by LSD, 5% level.
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Table 2. Influence of rootstock on monosacchride composition of total NSP
in ‘Starkspur Supreme Delicious’ apples.

Monosacchride
Rootstock Rh Fucose Arabinose Xylose Mannose  Galactose Glucose Uronic acid
(g/100 g total NSP)
Seedling 153a® 047a 1069bc 5.78abc 2.14 c 459ab 37.28ab 37.52ab
M.7 EMLA 151a 035bc 1212ab 6.00ab 250a 471ab 3556b 37.42ab
M26 EMLA 149a 051a 1244ab 605ab 246ab 423b 36.44b 36.37ab
PA1 1.38a 032c 1091abc 596ab 253a 465ab 36.76ab .37.50ab
MAC.39 162a 040b 10.30c 5.09c 232abc 417b 37.14ab 39.07a
CG.10 15ta 040b 1267a 6.41a 216bc 488a 3999a 3199c
B.9 155a 050a 1205abc 567bc 1.72d 440ab 38.75ab 35.36Db

*Mean separation within columns by LSD, 5% level.

soluble fiber content also differed sig-
nificantly among rootstocks (Table 3%.
Fruit on MAC.39 rootstock had the
highest soluble fiber content 325.2%)
and those on CG.10 had the lowest
(16.4%).

Sugar composition: There were sig-
nificant differences in the relative
amount of monosaccharide residues
in apple fiber depending on the root-
stock (Table 4). Rhamnose was the
only monosaccharide residue found in
a statistically similar amount in apples
from trees on different rootstocks. On
dry weight basis (8 per 100 g NSP),
fucose ranged from 0.32% in fruit from
trees on PI to 0.51% in fruit from trees
on M.26 EMLA; arabinose ranged from
10.30% in fruit on MAC.39 to 12.67% in
fruit on CG.10. Fruit on CG.10 had the
highest xylose content (6.41%) and those
on MAC.39 had the lowest (5.09%)
xylose content. Mannose content was
the highest in fruit on P1 (2.53%) and

the lowest in fruit on B.9 é1.72%).
Galactose ranged from 4.17% of mono-
saccharide residues in fruit on MAC.39
to 4.88% of monosaccharide residues
in fruit on CG.10; glucose ranged from
35.56% in fruit on M.7 EMLA to 39.99%
in fruit on CG.10 apples. Uronic acid
ranged from 31.99% in fruit on CG.10
to 39.07% in fruit on MAC.39. Rootstock
differences were more pronounced in
soluble fractions. While rhamnose con-
tent of total NSP was not affected by
rootstock difference, there were sig-
nificant differences in rhamnose con-
tent of soluble and insoluble fiber
fractions from different rootstocks
(Tables 5 and 6). There was almost a
three fold difference in the xylose
content of soluble fiber among root-
stocks and 2-fold overall difference in
glucose content. Rootstock difference
in galactose content was also more
pronounced in soluble fiber than in
insoluble fiber.

Table 3. Influence of rootstock on monosacchride composition of insoluble
NSP in ‘Starkspur Supreme Delicious’ apples.

Monosacchride
Rh Fucose Arabinose Xylose Mannose  Galactose Glucose  Uronic acid
(g/100 g insoluble NSP)

Seedling 1.73ab* 061a 11.65c 6.97a 221c 488ab 4546bc 26.49a
M7EMLA 161bcd 044c 1410a 7.36a 289ab 530a 4392c 24.40bcd
M26 EMLA 1.62bcd 063a 14.14a 720a 275ab 455bc 44.10c 25.01ab
P 1.53d 042c 1238abc 7.60a 308a b515ab 46.78ab 23.07d
MAC.33 1.85a 054b 1192bc 6.13b 261b 451bc 47.58ab 24.86bc
CG.10 1.56 cd 047c 1362ab 7.40a 220c 492abc 46.74ab 23.10d
B.9 1.66 bc 063a 13.18abc 692ab 176d 4.28c 48.16a 23.41cd

*Mean separation within.columns by LSD, 5% level.
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Table 4. Influence of rootstock on monosacchride composition of soluble
NSP in ‘Starkspur Supreme Delicious’ apples.

Monosacchride
Rootstoch Rh Fucose Arabinose Xylose Mannose  Galactose Glucose  Uronic acid
(g/100 g soluble NSP)
Seedling 0.89 ¢ nd’ 736ab 160b 1.88a 359b 637ab 7832d
M.7 EMLA 1.59a n.d. 665bc 092de 0.85d 278c  4.09d 83.11b
M.26 EMLA  0.92d nd. 504e 104cd 123bc 288c 323e 85.66 a
P 1.32b nd. 6.04cd 074e 1.12cd 3.10c 484c 82.85b
MAC.39 0.75e nd. 552de 204a 1.48b 312c 6.06ab 81.04c
CG.10 1.61a nd. 725ab 1.15c 1.82a 429a 573b 78.08d
B9 1.07c nd. 740a 091de 1.13cd 4.06a 664a 7878d

*Mean separation within columns by LSD, 5% level.
YNot detectable.

Effect of Growing Region

There were no statistical differences
in the NCCWM content of apples
%own in different regions (data not
s OWIC?. However, there were signifi-
cant differences in NSP content of
apples from different regions (Table
55). It ranged from 1.41% in apple grown
in Minnesota to 1.77% in apples grown
in Arkansas. Relative amount of soluble
and insoluble fiber content of apples
also showed significant overall regional
differences. Soluble fiber content
ranged from 16.69% in Ohio apples to
24.14% in Washington apples (Table 8).

Sugar composition: There were sig-
nificant regional differences in the rel-
ative amount of monosaccharide resi-
dues in apple fiber. On dry weight
basis (per 100 g NSP), rhamnose con-
tent ranged from 1.02% in Minnesota
apples to 1.49% in North Carolina
apples (Table 6); fucose ranged from
0.23% in Maine apples to 0.51% in North
Carolina apples. Arabinose content was
the lowest {10.83%) in Arkansas apples
and the highest il4.35%) in Washington
apples; highest level (7.42%) of xylose
was found in Kansas apples and the
lowest level (4.32%) in Minnesota
apples. Mannose content ranged from
4.27% of total NSP in Minnesota apples
to 7.42% in Kansas apples. Galactose
content ranged from 3.71% of total
monosaccharide residues in Washing-
ton apple fiber to 5.68% in Minnesota
apple fiber; glucose content ranged

from 33.67% in Ohio apples to 41.09%
in Minnesota apples. Uronic acid con-
tent of apples from different growing
regions were similar except for Minne-
sota apples which had a significantly
lower level of uronic acid content com-
pared to apples from other locations.
There were significant location differ-
ences in the monosaccharide content
of soluble and insoluble fiber fractions
also (Tables 7 and 8). As with root-
stocks, differences in the xylose content
of soluble fiber were very pronounced.
Overall, fiber composition seemed to
be more affected by regional differ-
ences than by rootstock differences.
Correlation coefficients for correla-
tions between fiber content and
monthly precipitation, monthly aver-
age minimum and maximum tempera-
ture, monthly maximum and minimum

Table 5. Influence of growing region
on total, insoluble and soluble NSP
content of ‘Starkspur Supreme Deli-
cious’ apples.

Fiber fraction
insoluble Soluble
Rootstock Total NSP NSP NSP
(g9/100 g flesh) (9/100 g NSP)
Washington 1.71ab® 7586c 2414a
Minnesota 141¢c 76.80bc 2320ab
Kansas 1.54abc 76.60bc 2340ab
Arkansas 177a 82.06 abc 17.94 abc
Ohio 1.76ab 8331a 1669c
Maine 1.63abc 78.97 abc 21.03 abc
North Carolina 1.50bc 81.24ab 18.76 bc

*Mean separation within columns by LSD, 5% level.
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Table 6. Influence of growing season
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on monosacchride composition of total

NSP in ‘Starkspur Supreme Delicious’ apples.

Monosacchride
Region Rhamnose Fucose Arabinose Xylose Mannose  Galactose Glucose  Uronic acid
(g/100 g total NSP)
Washington 1.13de’ 048ab 1435a 669ab 246¢C 371e 3439bc 36.79a
Minnesota 1.02e 0.38c 1372a 427c 3.00a 568a 4109a 30.83b
Kansas 1.28bc 039c 1117¢c 742a 277b 460b. 3451bc 3787a
Arkansas 1.42ab 0.33d 1083c 6.36b 247c 389de 3893a 3576a
Ohio 125cd 046b 1410a 6.55b 263bc 4.04de 3367c 3731a
Maine 086e 023e 1381a 6.00b 3.10a 491b 3576bc 3533a
North Carolina 1.49a 051a 1244b 6.05b 245c 423cd 3644b 36.39a

*Mean separation within columns by LSD, 5% level.

temperature, and solar radiation were
determined. None of these correlations
were significant (data not shown).

Discussion

Both rootstock and regional differ-
ences were found to affect fiber con-
tent and composition. However, fiber
composition was more affected by
growing region than by rootstocks.
This is not surprising given the fact
that regional difference involves many
factors such as climate, soil, etc. How-
ever, climatic factors such as monthly
temperature, precipitation, solar radia-
tion did not have any significant cor-
relation with fiber content and compo-
sition. Apparently other unstudied fac-
tors such as soil, nutrition, etc. may
play significant roles. A more compli-
cated model is needed to explain the
regional differences.

Total dietary fiber content of apples
used in this study were lower than the
values reported by Wills (13). For

example, Wills (13) reported dietary
fiber content per 1 g edible portion
to be 2.3 g whereas fiber content of
the apples in the present study ranged
from 141 g/100 g to 1.98 g/100 g
flesh. However, values reported by
Wills (13) had been obtained by aver-
aging the values for ‘Delicious, ‘Golden
Delicious, ‘Granny Smith’ and ‘Jona-
than’ apples. Also their results were
based on unpeeled apples. Values in
the present study however, are similar
to or slightly hi%her than those reported
by Marlett (7) for unpeeled ‘Red Deli-
cious’ apples. Pectic substance content
of apples in our study were lower than
the values reported by Belo and de
Lumen (3). Apples in our study had
similar rhamnose, and arabinose con-
tent, hi%)her lucose, and xylose content
in soluble fraction than reported by
Theander and Aman (12). Overall glu-
cose level in insoluble fiber fraction in
our study was higher, arabinose level
was lower, xylose, rhamnose, and man-

Table 7. Influence of growing region on monosacchride composition of
insoluble NSP in ‘Starkspur Supreme Delicious’ apples.

Monosacchride
Region Rhamnose Fucose Arabinose Xylose Mannose Galactose Glucose  Uronic acid
(g/100 g total ingoluble NSP)

Washington 124bc’ 064a 1756a 861a 293b 382d 4417bc 21.03d
Minnesota 117c 050b 16.12b 525c¢c 361a 6.00a 5286a 14.48e
Kansas 156a 050b 1286d 881a 3.18ab 497b 43.63c 2449bc
Arkansas 1.57a 041c 1168d 738b 271b 404cd 4647b 25.75abc
Ohio 1.34b 055b 1565b 763b 291b 423cd 39.65d 28.04a
Maine 0.86d 028d 1593b 721b 356a 516b  4391bc 23.09c
North Carolina 1.62 a 062a 1413c 720b 2.74b 455bc 4412bc 25.01 bc

*Mean separation within columns by LSD, 5% level.
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Table 8. Influence of growing region on monosacchride composition of
soluble NSP in ‘Starkspur Supreme Delicious’ apples.

Monosacchride
Reglon Rhamnose  Fucose Arabinose Xylose Mannose  Galactose  Glucose  Uronic acid
(97100 g soluble NSP)
Washington 063d nd’ 497c 066d 1.08b 336c 369c 8562a
Minnesota 0.56d nd. 6.09ab 120c 129ab 442a 419bc 8225c
Kansas 036e nd. 580b 212a 142a 340bc 468ab 8222c
Arkansas 0.77c n.d. 6.39a 159b 1.38ab 3.24c 480ab 81.83c
Ohio 0.81bc nd. 6.29ab 120c 125ab 3.07c 389bc 8349b
Maine 0.83ab nd. 5.80b 154b 150a 397ab 553a 80.82d
North Carolina 0.91a nd. 5.09¢c 1.04c 123ab 287c 323c 85.62a

“Mean separation within columns by LSD, 5% level.
YNot detectable.

nose levels were similar to values re-
ported by Theander and Aman (12).
The difference in results could be
partially explained by the fact that
they used ‘Granny Smith’ apples and
different analytical technique. Rela-
tive proportion of neutral sugars and
uronic acid in the present study are
similar to values reported by Marlett
and Navis (8).

More pronounced difference in
xylose, mannose, and galactose content
in soluble fiber as opposed to insoluble
fiber may indicate a sharp difference
in solubYe pectin structure. Pectin
structure, is probably more affected
by climatic and rootstock differences
than other fiber fractions. This conclu-
sion could not be made with certainty
because xylose, mannose, etc may be

art of hemicellulose also. In a dif-
erent study (5) we found cultivar
differences, in fiber content and com-
position to be much more pronounced
than the rootstock and regional differ-
ences in the present study. In our
cultivar study, we found galactose con-
tent of apple fiber to show 3-fold
difference among cultivars. Also, ga-
lactose content was observed to fall
almost 3-fold during fruit development.
However, galactose was only slightly
different depending on rootstock and
growinlg region. Other monosaccha-
rides also differed more among cul-
tivars and during the course of de-
velopment than among rootstocks and

regions. It is possible that fiber com-
position especially galactose content
is affected more by genetic make-up
and developmenta¥ changes than by
factors such as rootstock and growing
region. Our study focused on quantita-
tive differences in fiber content and
composition. It is possible that root-
stock and climatic differences also
contribute to fiber composition in ways
other than quantitative. For exampfe’a,
rootstock and location difference could
affect the structure of polysaccharides
and not just relative monosaccharide
composition. These possibilities need
to be explored in future studies.
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Performance of ‘Starkspur Supreme Delicious’ Apple
Over 10 Years at Three Axillary NC-140 Planting Sites
M. L. Kaps, G. M. GReeNE AND D. C. FERREE

Abstract

A partial compliment of the 1984 NC-140
%ﬁlple rootstocks were planted in axil]r::ﬁ/ sites in

io (Ripley), Pennsylvania ‘lgll:igle ille), and
Missouri (Mountain Grove). The following ten
rootstocks were common to the axillary sites:
SDL., MAC.1, CG.24, M 4, AL.800, M.7TEMLA,
P1, M.26EMLA, CG.10, P22. The rootstocks
CG.24, CG.10 and AL.800 were unique to the
axillary sites. Tree loss exceeded in all
axillary sites for AL.800 and in OH and PA for
MAC.39. CG.24 and CG.10 had high loss in MO
(60%) and OH (40%), respectively. CG.24 trees
were similar in size to SDL. in all axillary sites.
AL.800 was similar in size to SDL. in OH. but in
PA and MO they were similar to M.7TEMLA.
CG.10 trees were similar in size to M.26EMLA
in OH, but were smaller in PA and MO. CG.24
and AL.800 had cumulative yield and efficiency
similar to SDL. in all axillary sites. CG.10
cumulative yield was similar to SDL. in OH
but lower in PA and MO. Yield efficiency of
CG.10 was high in all axillary sites, similar to
M.26EMLA.

A premise of NC-140 apple root-
stock research is the important need
for evaluating scion/rootstock combi-
nations across diverse climatic regions.
Common aﬁenetic material and cultural

ractices allows a comparison of results
rom many cooperators. Adaptation

41

to unique environments and growing
regions can be determined in this man-
ner of experimentation. The 1984 NC-
140 apple rootstock cooperators were
in 31 sites in North America and com-
ared 15 different rootstocks with
Starkspur Supreme Delicious’ as the
common scion. Rootstocks CG.24
CG.10 and AL.800 were either droppeti
because of inconsistent tree size or not
included in the main study. These are
unique to the axillary plantings.

Materials and Methods

Three sites did not have a full com-
pliment of the 1984 NC-140 af)ple
rootstocks. These were Ohio (Ripley),
Pennsylvania (Biglerville), and Missouri
(Mountain Grove). These axillary sites
had 16, 15 and 12 different rootstocks,
respectively. ‘Starkspur Supreme Deli-
cious’ was the common scion. Experi-
mental design and cultural practices
were the same as the cooperative NC-
140 planting sites 542 e following
data were recorded for each planting:
tree loss, trunk cross sectional area,





