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Blending of soluble corn fiber with pullulan, sorbitol, or fructose attenuates glycemic 
and insulinemic responses in the dog and affects hydrolytic digestion in vitro
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ABSTRACT: The objective of these experiments was 
to measure in vitro hydrolytic digestion and glyce-
mic and insulinemic responses of select carbohydrate 
blends, all containing the novel carbohydrate soluble 
corn fiber (SCF). Two SCF that varied in their method 
of production were used to formulate the carbohydrate 
blends. One set of blends contained a SCF that was spray 
dried (SCFsd) and then blended with different amounts 
of either pullulan, sorbitol, or fructose. The other set of 
blends contained a SCF produced using longer evapora-
tion time (SCF) and then blended with different ratios 
of pullulan, sorbitol, and fructose. Free sugar concentra-
tions found in the individual SCFsd and SCF substrates 
were low but varied. Spray-dried soluble corn fiber had 
a reduced free sugar concentration compared with SCF 
(2.8 vs. 14.2%). Glucose was the main free sugar found 
in both SCFsd and SCF but at different concentrations 
(2.7 vs. 12.7%, respectively). The majority of the SCFsd 
blends were completely hydrolyzed to their monosac-
charide components. Glucose accounted for most of 
the hydrolyzed monosaccharides for SCFsd and all the 
SCFsd blends. Hydrolyzed monosaccharide concentra-
tions for the SCF:pullulan:sorbitol:fructose blends fol-
lowed similar trends to the SCFsd blends where greater 

percentages of fructose and sorbitol resulted in decreased 
(P < 0.05) hydrolyzed monosaccharide concentrations. 
The SCFsd blends had intermediate to high amounts of 
monosaccharides released as a result of in vitro hydro-
lytic digestion. The SCFsd:pullulan blends were more 
digestible in vitro (approximately 91%; P < 0.05) than 
SCFsd:fructose or SCFsd:sorbitol. Total released mono-
saccharides were high in SCFsd blends containing either 
50% fructose or sorbitol, but the combination resulted in 
reduced concentrations of glucose released (P < 0.05). 
The SCF:pullulan:sorbitol:fructose blends also had inter-
mediate to high released monosaccharides as a result of 
in vitro hydrolytic digestion. All SCF blends resulted in 
decreased glycemic and insulinemic responses compared 
with the maltodextrin control (P < 0.05) using a canine 
model. The addition of pullulan reduced the glycemic 
response compared with maltodextrin at all concentra-
tions, but only 50:50 SCFsd:pullulan resulted in a reduc-
tion of the glycemic response compared with SCFsd 
alone (P < 0.05). The addition of fructose and sorbitol in 
the blends had the greatest impact on glycemic and insu-
linemic responses, even at concentrations as low as 5% 
of the blends. Overall, SCF and their blends may prove 
beneficial as components of low glycemic foodstuffs.
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INTRODUCTION

A class of carbohydrates that has the potential to 
improve glycemic control is low-digestible carbohydrates 
(Grabitske and Slavin, 2008). They represent a 
heterogeneous group of compounds that are partially 
unavailable to digestive enzymes; therefore, they are 

either incompletely or not absorbed from the small 
intestine (Murphy, 2001; Grabitske and Slavin, 2008). 
Low-digestible carbohydrates include polyols, resistant 
starch, fructooligosaccharides, and other oligosaccharides 
(Marteau and Flourie, 2001; Murphy, 2001; Scheppach et 
al., 2001; Grabitske and Slavin, 2008).

Soluble corn fibers (SCF) are types of novel, low-
digestible carbohydrates. The different processes used to 
produce SCF result in fractions with varying degrees of 
digestion resistance because of increased α-1,6 glycosidic 
bonds formed during their production. Similarly, the stair-
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step structure of pullulans, resulting from α-1,6 glycosidic 
linkages, hinders hydrolysis by enzymes, making them 
low-digestible carbohydrates (Wolf et al., 2003). Sorbitol, 
a sugar alcohol, is slowly absorbed into the body from the 
gastrointestinal tract and is metabolized by the liver, largely 
as fructose. The initial steps in the metabolism of sorbitol 
in the liver and conversion to glucose are independent of 
insulin (Le and Mulderrig, 2001). Likewise, fructose is 
rapidly removed from the portal blood by the liver and its 
metabolism is not dependent on insulin. For this reason, 
fructose is widely used in food products for diabetics 
(White and Osberger, 2001).

Blending SCF with other carbohydrates that resist 
digestion or do not elicit a glycemic response or both, such 
as pullulan, fructose, and sorbitol, may have the potential 
to further attenuate glycemic and insulinemic responses. 
As the concentrations of these carbohydrates increase 
in the blend, glycemic and insulinemic responses would 
be expected to decrease to create ideal low-glycemic 
carbohydrate blends. The objective of the study was to 
evaluate select blends of SCF with pullulan, fructose, 
and sorbitol for in vitro hydrolytic digestion as well as 
glycemic and insulinemic responses using a canine model.

MATERIALS AND METHODS

The University of Illinois Institutional Animal Care 
and Use Committee approved all procedures before 
animal experimentation.

Substrates

Carbohydrate blends incorporating SCF were 
evaluated. The production of SCF involves isolating an 
oligosaccharide-rich fraction from corn syrup. During 
cornstarch hydrolysis, an aqueous stream comprising 
dextrose, fructose, and a mixture of oligosaccharides 
results (Harrison and Hoffman, 2007). The aqueous 
solution is nanofiltered, resulting in a monosaccharide and 
an oligosaccharide-rich stream. Once oligosaccharide-
rich syrup has been formed, it can be treated with an 
isomerization enzyme such that some of the dextrose 
present in the syrup is converted to fructose, producing 
an isomerized oligosaccharide-rich stream (Harrison and 
Hoffman, 2007). The syrup is subjected to a catalyst or 
catalysts that create reversion products where the residual 
monosaccharides in the syrup become covalently bonded 
to oligosaccharides or other monosaccharides present in 
the syrup, thus increasing α-1,6 glycosidic bond formation 
in the structure (Harrison and Hoffman, 2007). The last 
steps in the production process include decolorization of 
the syrup and evaporation and drying to produce a powder.

Two sets of blends containing different SCF were eval-
uated. The SCF used in the blends evaluated were produced 

using the basic steps outlined before but differed in specific 
production steps. One set included a SCF that was spray 
dried (SCFsd). The other included a SCF that was produced 
using a process involving longer evaporation times than oc-
curred for SCFsd (SCF). The carbohydrates blended with 
SCFsd and SCF included fructose, sorbitol, and pullulan.

Seven blends were formulated using SCFsd with 
different percentages of pullulan, fructose, or sorbitol. 
The SCFsd blends included 4 with varying percentages of 
fructose: SCFsd with 5% fructose (95:5 SCFsd: fructose), 
SCFsd with 15% fructose (85:15 SCFsd: fructose), 
SCFsd with 30% fructose (70:30 SCFsd: fructose), and 
SCFsd with 50% fructose (50:50 SCFsd: fructose). Two 
blends included SCFsd and pullulan: SCFsd with 30% 
pullulan (70:30 SCFsd: pullulan) and SCFsd with 50% 
pullulan (50:50 SCFsd: pullulan). One blend was SCFsd 
with 50% sorbitol (50:50 SCFsd:sorbitol).

The second set of blends consisted of 4 blends using 
SCF with different ratios of pullulan, sorbitol, and fruc-
tose: SCF blended with 10% pullulan, 10% sorbitol, and 
10% fructose (70:10:10:10 SCF:pullulan:sorbitol:fruc
tose), SCF blended with 20% pullulan, 10% sorbitol, and 
10% fructose (60:20:10:10 SCF:pullulan:sorbitol:fructo
se), SCF blended with 30% pullulan, 10% sorbitol, and 10% 
fructose (50:30:10:10 SCF:pullulan:sorbitol:fructose), 
and SCF blended with 30% pullulan, 20% sorbitol, and 20% 
fructose (30:30:20:20 SCF:pullulan:sorbitol:fructose). 
The pullulan (Hayashibara Company Ltd., Okayama-City, 
Japan) used in the blends had a molecular weight (MW) 
of 250,000. Soluble corn fibers, sorbitol, and fructose were 
produced and all blends were formulated and prepared by a 
commercial company (Tate and Lyle, Decatur, IL).

Chemical Analyses

Carbohydrates were analyzed for DM and OM ac-
cording to the AOAC International (2000) and for free and 
hydrolyzed monosaccharide concentrations. Test carbohy-
drates were hydrolyzed using the procedure described by 
Hoebler et al. (1989) where carbohydrates were subjected 
to hydrolysis with H2SO4. Free sugars and hydrolyzed 
monosaccharides were quantified using a HPLC (DX500; 
Dionex Corporation, Sunnyvale, CA). Standards for quan-
tification included inositol, fucose, arabinose, rhamnose, 
galactose, xylose, mannose, glucose, and fructose. Free 
monosaccharides were injected at a volume of 25 μL. All 
assays were conducted using a column (CarboPac PA-1 
Column and Guard Column; Dionex Corporation) using 
methods cited by Smiricky et al. (2002).

In Vitro Hydrolytic Digestion

Approximately 200 mg of each carbohydrate or car-
bohydrate blend was weighed in triplicate and incubated 
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with 2 mL of a pepsin/hydrochloric acid solution and 
2 mL of an enzyme solution consisting of amylogluco-
sidase and α-amylase to simulate gastric and small in-
testinal digestion (Muir and O’Dea, 1993). The samples 
were analyzed for free released monosaccharides using 
HPLC (Smiricky et al., 2002) using the simulated hydro-
lytic digestion procedure.

Data were analyzed as a completely randomized 
design using the Mixed Models procedure (SAS Inst. Inc., 
Cary, NC). The statistical model included the fixed effect 
of substrate. Treatment least-squares means were reported 
and compared using a Tukey adjustment to ensure the 
overall protection level. Differences among means with 
a P-value of less than 0.05 were considered significant.

Glycemic/Insulinemic Responses

To determine postprandial glycemic and insulinemic 
responses to the test carbohydrates, 5 purpose-bred 
female dogs (Butler Farms, Clyde, NY) with hound 
bloodlines, a mean initial BW of 25.1 ± 4.8 kg, and a 
mean age of 5.6 ± 2.4 yr were used. Dogs were housed 
individually in 1.2 by 2.4 m clean floor pens in a climate-
controlled room at the animal care facility of the Edward 
R. Madigan Laboratory (Univ. Illinois, Urbana, IL). Dogs 
were provided with nondestructible toys [e.g., hard plastic 
balls and Nyla bones (Nylabone Products, Neptune, NJ). 
Pens allowed for nose to nose contact between dogs in 
adjacent runs and visual contact with all dogs in the room. 
A 16-h light:8-h dark cycle was used.

After an overnight fast, dogs consumed 25 g of car-
bohydrate (DM basis) in approximately 240 mL distilled 
deionized water. To get carbohydrate sources into solution, 
water and carbohydrate were mixed using a stir plate. Dogs 
were orally dosed with the carbohydrate solutions using a 
60-mL syringe (without needle) within a 10-min period. 
During the trial, all dogs were fed the same commercial 
diet (Iams Weight Control; The Iams Co., Lewisburg, OH). 
Water was available ad libitum.

A 5 × 5 Latin square experimental design was used 
to evaluate test substrates. In each Latin square, the dogs 
were subjected to 4 test ingredients and the maltodextrin 
control. Glycemic tests were 3 h long and spaced 4 d 
apart. At 1700 h on the evening before each glycemic 
test, any remaining food was removed and dogs were 
food deprived for 15 h, during which time they had 
access to water. Dogs consumed their allotted treatment 
after the 15 h of food deprivation.

On the morning of the glycemic test, a blood sample 
was obtained from dogs before being dosed to serve 
as the baseline value. Dogs then were dosed with the 
appropriate carbohydrate, and additional blood samples 
were taken at 15, 30, 45, 60, 90, 120, 150, and 180 min 
postprandially. Approximately 3 mL of blood were 

collected in a syringe via jugular or radial venipuncture. 
An aliquot of blood was taken immediately for glucose 
analysis. The remaining blood was centrifuged at 
1,240 × g for 10 min at 4°C and serum stored at –20°C 
for subsequent analysis of insulin.

Immediately after collection, blood samples were 
assayed for glucose based on the glucose oxidase 
method (Precision-G Blood Glucose Testing System; 
Medisense, Inc., Bedford, MA). This system measures 
blood glucose concentrations from the electrical current 
resulting from electron transfer when the glucose oxidase 
on the test strip catalyzes the oxidation of glucose to 
gluconic acid (Cass et al., 1984). Each glucometer was 
calibrated before each glycemic test according to the 
manufacturer’s instructions. Serum was analyzed for 
insulin (Rat Insulin Enzyme Immunoassy Kit; Cayman 
Chemical, Ann Arbor, MI; Wisdom, 1976).

The positive incremental area under the curve, 
ignoring any areas below the baseline, for blood 
glucose and insulin values was calculated according to 
the method of Wolever et al. (1991) using a software 
(GraphPad Prism 5 Software; GraphPad Software, Inc., 
San Diego, CA). The relative glucose response and 
relative insulinemic response of the test carbohydrates 
were calculated for each dog according to this formula: 
(area under the curve for test carbohydrate/area under 
the curve for control) × 100%.

Data were analyzed by the Mixed Models procedure 
of SAS. The statistical model included the fixed effect of 
treatment and the random effect of animal nested within 
Latin square and test period nested within Latin square. 
Treatment least-squares means were compared using 
single degree of freedom contrast statements to compare 
only the test ingredients of interest in the numerous 
Latin squares conducted. A probability of P < 0.05 was 
accepted as being statistically significant.

RESULTS AND DISCUSSION

Free Sugar and Hydrolyzed  
Monosaccharide Concentrations

Free sugar concentrations varied among the SCFsd 
blends, ranging from approximately 1 to 50% (Table 1). 
The 2 pullulan blends (70:30 SCFsd:pullulan and 50:50 
SCFsd:pullulan) had the lowest free sugar concentra-
tions of all the blends tested and were similar in free 
sugar concentrations to SCFsd alone. The blends with 
50% fructose and 50% sorbitol had the greatest free 
sugar concentrations (43 to 53%). The SCFsd blends 
with 5, 15, and 30% fructose had 11 to 23% free sugar 
concentrations.

Fructose and glucose were the major free sugars 
found in SCFsd blends with the exception of the 
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50:50 SCFsd:sorbitol blend, where sorbitol was the 
primary free sugar present. Glucose was the primary 
free sugar for substrates 70:30 SCFsd:pullulan, 50:50 
SCFsd:pullulan, and SCFsd, but the concentrations were 
low (approximately 2.3%). In blends where fructose was 
added to SCFsd, fructose was the free sugar found in the 
greatest concentration, and concentrations increased in 
proportion to the percentage of fructose added.

Hydrolyzed monosaccharide concentrations varied 
slightly among the SCFsd blends. The majority of the 
SCFsd blends were completely hydrolyzed to their 
monosaccharide components. The blends with greater 
percentages of fructose or sorbitol had decreased 
hydrolyzed monosaccharide concentrations because 
of their greater free sugar concentrations. Glucose 
accounted for most of the hydrolyzed monosaccharides 
for SCFsd and all the SCFsd blends.

Free sugar content (Table 2) was similar among 
the SCF:pullulan:sorbitol:fructose blends, except the 
30:30:20:20 SCF:pullulan:sorbitol:fructose blend, which 
had the greatest fructose, sorbitol, and total free sugar con-
centrations. Free fructose and sorbitol increased and glu-
cose decreased with addition of sorbitol and fructose to SCF.

Hydrolyzed monosaccharide concentrations for the 
SCF:pullulan:sorbitol:fructose blends followed similar 
trends to the SCFsd blends where greater percentages 
of fructose and sorbitol resulted in lower hydrolyzed 
monosaccharide concentrations. Soluble corn fiber had 
a low hydrolyzed monosaccharide concentration along 
with a low free sugar concentration. It is likely that 

SCF contained a major portion of bound fructose that 
would account for the low hydrolyzed monosaccharide 
concentration. The hydrolyzed monosaccharide 
assay destroys fructose so it was not included in the 
total hydrolyzed monosaccharide value. The main 
monosaccharide found in SCF and all the blends was 
glucose. Minor amounts of sorbitol were present in 3 of 
the SCF:pullulan:sorbitol:fructose blends.

Free sugar and hydrolyzed monosaccharide data 
are important in an evaluation of substrates that may 
be included in glycemic foodstuffs. The free sugars 
found in these substrates will be rapidly absorbed after 
consumption and, thus, may have an impact on the 
postprandial glycemic response (Pond et al., 1995). 
Overall, the free sugar concentrations found in the 
individual SCFsd and SCF substrates were low but 
varied. Soluble corn fiber spray dried had a lower free 
sugar concentration compared with SCF (2.8 vs. 14.2%). 
Glucose was the main free sugar found in both SCFsd 
and SCF but at different concentrations (2.7 vs. 12.7%, 
respectively). Fructose was present in SCF whereas no 
free fructose was found in SCFsd.

The 50:50 SCFsd:pullulan blend resulted in a 
greater glucose and total free sugar concentration 
compared with the 70:30 SCFsd:pullulan blend be-
cause of the small amounts of free glucose associ-
ated with pullulan. The addition of pullulan to the 
SCF:pullulan:sorbitol:fructose blends resulted in de-
creased free glucose concentrations compared with SCF 
alone. As the percentage of pullulan increased and re-

Table 1. Free sugar and hydrolyzed monosaccharide concentrations of soluble corn fiber spray-dried blends1,2

 
 
Item

Test carbohydrate
 

SCFsd
95:5  

SCFsd:Fruct
85:15 

SCFsd:Fruct
70:30 

SCFsd:Fruct
50:50 

SCFsd:Fruct
70:30  

SCFsd:Pull
50:50  

SCFsd:Pull
50:50 

SCFsd:Sorb
Free sugars, mg/g

Arabinose 0.1 0.3 0.1 0.1 0.1 0.0 0.2 0.0
fructose 0.0 62.3 171.5 210.4 415.7 0.9 0.2 0.5
Glucose 27.5 42.6 37.4 18.2 11.0 12.6 30.8 18.3
Mannose 0.0 0.1 0.2 0.0 0.0 0.1 0.1 0.0
Rhamnose 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sorbitol 0.0 0.6 0.5 0.0 0.1 0.4 0.7 508.5
Sucrose 0.8 0.4 0.7 0.0 0.0 0.0 0.3 0.3
Total,3 mg/g 28.9 106.2 213.4 228.8 426.8 14.0 32.3 527.6

Hydrolyzed monosaccharides,4 mg/g
Glucose 1,015.3 1,071.0 957.5 814.0 526.5 1,130.2 1,115.2 595.0
Mannose 7.2 0.0 0.0 4.9 6.6 0.0 0.0 0.0
Sorbitol 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total, mg/g3 1,022.5 1,071.0 957.5 818.9 533.2 1,130.2 1,115.2 595.0
1SCFsd = spray-dried soluble corn fiber; 95:5 SCFsd:Fruct = blend of 95% SCFsd:5% fructose; 85:15 SCFsd:Fruct = blend of 85% SCFsd:15% fructose; 

70:30 SCFsd:Fruct = blend of 70% SCFsd:30% fructose; 50:50 SCFsd:Fruct = blend of 50% SCFsd:50% fructose; 70:30 SCFsd:Pull = blend of 70%SCFsd:30% 
pullulan; 50:50 SCFsd:Pull = blend of 50% SCFsd:50% pullulan; and 50:50 SCFsd:Sorb = blend of 50% SCFsd:50% sorbitol.

2Values are expressed on a DM basis.
3Values include water added when starches are broken down to monosaccharide units.
4Values are corrected for free monosaccharide concentrations.
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placed SCF in the SCF:pullulan:sorbitol:fructose blends, 
glucose concentrations decreased. Overall, addition of 
pullulan, even at high concentrations, did not increase 
free sugar values. Pullulan has been reported to contain 
very low free sugar concentrations (Knapp et al., 2010).

Increased amounts of fructose and sorbitol decreased 
the free glucose concentrations in the SCFsd blends and 
increased free sugar concentrations of fructose and sorbitol. 
The increased fructose and sorbitol concentrations resulted 
in increased total free sugar concentrations. This same 
trend was noted for the SCF:pullulan:sorbitol:fructose 
blends. Increased concentrations of fructose and sorbitol 
(from 10 to 20%) decreased free glucose and increased 
free fructose and sorbitol. The fructose and sorbitol added 
to the blends were available as free sugars and could have 
a major impact on glycemic response.

The hydrolyzed monosaccharides constitute the 
building blocks of carbohydrate polymers and provide 
an indication of what sugars are potentially available 
for digestion. The hydrolyzed monosaccharide 
concentration (especially glucose) of SCF was reduced 
compared with SCFsd. Data indicate that SCF has a 
much greater concentration of bound fructose than 
SCFsd. The bound fructose could have a major impact 
on the glycemic and insulinemic responses of these 
substrates. This difference in carbohydrate content is 
likely due to production method used.

The SCFsd:pullulan blends are high in bound glu-
cose. The SCFsd:fructose and SCFsd:sorbitol blends 
have reduced hydrolyzed monosaccharide concentra-
tion due to greater concentration of free fructose and 

sorbitol. The different concentrations of pullulan in the 
SCF:pullulan:sorbitol:fructose blends had little impact 
on hydrolyzed monosaccharide values. Addition of pul-
lulan at 10, 20, or 30% resulted in similarly high hydro-
lyzed monosaccharide values. As noted for the SCFsd 
blends, greater concentrations of sorbitol and fructose 
decreased hydrolyzed monosaccharide values. Depend-
ing on their digestibility, glucose monomers may become 
available and have an impact on the glycemic response.

In Vitro Hydrolytic Digestion

Soluble corn fiber spray dried had an approximate 
monosaccharide digestibility value of 50% (Table 3). The 
blends with the least percentages of fructose added (95:5 
SCFsd:fructose and 85:15 SCFsd:fructose) had similar 
monosaccharide digestibility values as SCFsd. The blends 
containing 30 and 50% fructose or sorbitol had greater 
(P < 0.05) monosaccharide digestibility values (approxi-
mately 75%). The pullulan blends, 70:30 SCFsd:pullulan 
and 50:50 SCFsd:pullulan, had similar but greater (P < 
0.05) digestibility values (approximately 91%).

Glucose was the sugar released in the greatest 
concentration except for the blends that had 50% 
fructose or 50% sorbitol added. Released glucose 
concentrations were increased (P < 0.05) by addition 
of 30 or 50% pullulan to SCFsd and had the greatest 
(P < 0.05) glucose concentrations among all blends. 
Fructose was found to be released in all the blends. As 
the percentage of fructose was increased in the blends, 
the concentration of fructose released increased, with the 

Table 2. Free sugar and hydrolyzed monosaccharide concentrations of soluble corn fiber:pullulan:sorbitol:fructose blends1,2

 
 
Item

Test carbohydrate
 

SCF
70:10:10:10  

SCF:Pull:Sorb:Fruct
60:20:10:10  

SCF:Pull:Sorb:Fruct
50:30:10:10  

SCF:Pull:Sorb:Fruct
30:30:20:20  

SCF:Pull:Sorb:Fruct
Free sugars, mg/g

Arabinose 0.5 0.0 0.0 0.0 0.0
Fructose 11.9 99.9 84.5 101.5 192.1
Galactose 0.1 0.0 0.1 0.0 0.0
Glucose 127.2 42.9 36.6 31.7 20.6
Mannose 0.7 0.0 0.3 0.0 0.0
Rhamnose 0.5 0.0 0.0 0.0 0.0
Sorbitol 1.0 78.5 79.4 87.0 155.8
Sucrose 0.0 0.0 0.0 0.0 0.0
Total,3 mg/g 141.9 221.3 200.8 220.2 368.5

Hydrolyzed monosaccharides,4 mg/g
Glucose 489.5 833.1 855.6 820.4 501.7
Sorbitol 0.0 23.4 19.6 0.0 8.3
Total, mg/g3 489.5 856.5 875.2 820.4 510.0
1SCF = soluble corn fiber; 70:10:10:10 SCF:Pull:Sorb:Fruct = blend of 70% SCF:10% pullulan:10% sorbitol:10% fructose; 60:20:10:10 SCF:Pull:Sorb:Fruct = 

blend of 60% SCF:20% pullulan:10% sorbitol:10% fructose; 50:30:10:10 SCF:Pull:Sorb:Fruct = blend of 50% SCF:30% pullulan:10% sorb:10% fructose; and 
30:30:20:20 SCF:Pull:Sorb:Fruct = blend of 30% SCF:30% pullulan:20% sorbitol:20% fructose.

2Values are expressed on a DM basis.
3Values include water added when starches are broken down to monosaccharide units.
4Values are corrected for free monosaccharide concentrations.



Fiber blends and glycemic response in dogs 3801

50:50 SCFsd:fructose blend having the greatest (P < 0.05) 
amount of fructose released. The 50:50 SCFsd:sorbitol 
was the only blend with a considerable amount of 
sorbitol released (approximately 43% of released 
sugars); all other blends had little to no sorbitol released. 
Isomaltose was released in low concentrations in SCFsd, 
85:15 SCFsd:fructose, and 50:50 SCFsd:fructose.

Soluble corn fiber had the lowest (P < 0.05) amount 
of monosaccharides released after simulated digestion 
(approximately 29%; Table 4). The 30:30:20:20 
SCF:pullulan:sorbitol:fructose blend had the greatest 
(P < 0.05) concentration of released monosaccharides 
(approximately 85%). The remaining blends were 
intermediate (approximately 60%) in digestibility. Total 
released monosaccharide concentrations increased as 
the percentage of SCF decreased in the blends.

The major monosaccharide released from SCF and 
all the SCF:pullulan:sorbitol:fructose blends was glucose. 
Soluble corn fiber had the least (P < 0.05) concentration of 
glucose released. The concentrations of glucose released 

increased as the percentage of pullulan increased in the 
blends. Released fructose was similar among blends ex-
cept for the 30:30:20:20 SCF:pullulan:sorbitol:fructose 
blend, which had the greatest (P < 0.05) concentration of 
released fructose. This same trend was noted for the con-
centrations of released sorbitol.

The SCF used in both sets of blends demonstrated a 
resistance to hydrolytic digestion, with SCF having an 
increased resistance compared with SCFsd (29 vs. 50% 
digestible, respectively). Kendall et al. (2008) evaluated 
a SCF similar to the ones used in the blends and reported 
the in vitro digestibility was 14.5%, which is less than 
either of the SCFs tested in the current study. Differenc-
es in production methods likely affected digestibility of 
the different SCFs evaluated. The ability of the SCF to 
resist hydrolytic digestion was due, in part, to the link-
ages found in their molecular structure. The presence of 
α-1,6 glycosidic linkages and inaccessibility of the α-1,4 
linkages increase digestive enzymatic resistance in SCF 
(Kendall et al., 2008).

Table 3. Monosaccharides (including free monosaccharides) released after simulated hydrolytic digestion of soluble 
corn fiber spray-dried blends (mg/g)1,2

 
 
Item

Test carbohydrate
 

SCFsd
95:5 

SCFsd:Fruct
85:15 

SCFsd:Fruct
70:30 

SCFsd:Fruct
50:50 

SCFsd:Fruct
70:30 

SCFsd:Pull
50:50 

SCFsd:Pull
50:50 

SCFsd:Sorb
 

SEM3

Fructose 0.0a 49.8a 138.7b 273.1c 420.4d 7.9a 7.1a 7.2a 11.3
Glucose 484.2d 483.4d 422.6c 454.8cd 351.6b 927.9f 882.8e 298.7a 10.3
Isomaltose 17.9d 0.0a 0.0a 12.9c 5.2b 0.0a 0.0a 0.0a 0.6
Sorbitol 0.0a 0.4a 0.5a 0.0a 0.0a 0.3a 0.7a 430.9b 2.8
Total4 502.0a 533.6a 561.9a 740.8bc 775.4c 936.1d 890.6d 736.8bc 13.9

a–dMeans in the same row with different superscript letters are different (P < 0.05).
1SCFsd = spray-dried soluble corn fiber; 95:5 SCFsd:Fruct = blend of 95% SCFsd:5% fructose; 85:15 SCFsd:Fruct = blend of 85% SCFsd:15% fructose; 

70:30 SCFsd:Fruct = blend of 70% SCFsd:30% fructose; 50:50 SCFsd:Fruct = blend of 50% SCFsd:50% fructose; 70:30 SCFsd:Pull = blend of 70%SCFsd:30% 
pullulan; 50:50 SCFsd:Pull = blend of 50% SCFsd:50% pullulan; and 50:50 SCFsd:Sorb = blend of 50% SCFsd:50% sorbitol.

2Values are expressed on a DM basis.
3Pooled SEM.
4Values include water added when starches are broken down to monosaccharide units.

Table 4. Monosaccharides (including free monosaccharides) released after simulated hydrolytic digestion of soluble 
corn fiber:pullulan:sorbitol:fructose blends (mg/g)1,2

 
 
Item

Test carbohydrate
 

SCF
70:10:10:10  

SCF:Pull:Sorb:Fruct
60:20:10:10  

SCF:Pull:Sorb:Fruct
50:30:10:10  

SCF:Pull:Sorb:Fruct
30:30:20:20  

SCF:Pull:Sorb:Fruct
 

SEM3

Fructose 20.2a 121.1c 118.9bc 110.1b 234.8d 2.2
Galactose 0.5b 0.0a 0.0a 0.0a 0.0a 0.0
Glucose 264.3a 317.6b 394.4c 489.3e 413.6d 3.8
Sorbitol 1.2a 100.1c 98.4c 79.1b 198.1d 3.5
Total4 286.1a 538.8b 611.7c 652.2c 846.5d 13.7

a–cMeans in the same row with different superscript letters are different (P < 0.05).
1SCF = soluble corn fiber; 70:10:10:10 SCF:Pull:Sorb:Fruct = blend of 70% SCF:10% pullulan:10% sorbitol:10% fructose; 60:20:10:10 SCF:Pull:Sorb:Fruct = 

blend of 60% SCF:20% pullulan:10% sorbitol:10% fructose; 50:30:10:10 SCF:Pull:Sorb:Fruct = blend of 50% SCF:30% pullulan:10% sorb:10% fructose; and 
30:30:20:20 SCF:Pull:Sorb:Fruct = blend of 30% SCF:30% pullulan:20% sorbitol:20% fructose.

2Values are expressed on a DM basis.
3Pooled SEM.
4Values include water added when starches are broken down to monosaccharide units.



de Godoy et al.3802

Blending pullulan with either of the SCF resulted 
in increased released monosaccharide concentrations, 
especially glucose. In both sets of blends, the greater 
the percentage of pullulan in the blend, the greater the 
digestibility compared with SCF alone. These data indicate 
that pullulan was digestible by hydrolytic enzymes and 
resulted in glucose release. Wolf et al. (2003) and Knapp et 
al. (2010) found pullulans of different MW to be extensively 
hydrolyzed in vitro. However, Wolf et al. (2003) found the 
hydrolysis to occur slowly over time and concluded that 
pullulan was a slowly digestible carbohydrate with the 
potential to positively impact glycemic response.

Fructose and sorbitol blended with the SCF increased 
total released monosaccharide concentrations after 
hydrolytic digestion, especially when added at 30 or 50% 
concentrations. This increase occurred because the fructose 
and sorbitol added are completely available as free sugars. 
However, the concentration of released glucose decreased 
as fructose or sorbitol concentration in the blend increased.

Glycemic and Insulinemic Responses

Maltodextrin was used as a control for every set of 
glycemic response tests because it is highly digestible 
and rapidly absorbed, resulting in a consistently 
greater glycemic response (Wolf et al., 2003). The 
carbohydrates were not all evaluated in the same period; 
therefore, maltodextrin was used in every period to 
serve as a control to calculate a relative response to the 
test carbohydrate in all periods.

Maltodextrin served as the control to which all 
test carbohydrates were compared and was assigned 
a relative glucose response value of 100. Relative 
glycemic response values are calculated from area under 
the curve values and are directly related; therefore, test 
carbohydrates with high area under the curve values 
will likely have correspondingly great relative glucose 
response values. The relative glucose response values 
allow for an easier, more accurate interpretation of the 
glycemic response as it is a percentage of the maltodextrin 

response and because carbohydrates were run in a series 
of tests and not all evaluated in the same period.

Only the blends with 30 and 50% fructose or sorbitol 
were able to reduce (P < 0.05) the area under the curve 
compared with SCFsd (Table 5). All other blends resulted 
in similar area under the curves compared with SCFsd. The 
relative glucose response value of SCFsd was 63%, and all 
blends, except the 70:30 SCFsd:pullulan blend, resulted in 
decreased (P < 0.05) relative glucose response values. Dogs 
orally dosed with blends containing 30 or 50% pullulan had 
decreased (P < 0.05) relative glucose responses (average 
relative glucose response value of 38) compared with 
both SCFsd and maltodextrin. A similar relative glucose 
response (average relative glucose response value of 33) 
resulted from the addition of only 5 or 15% fructose in 
the blends. The least (P < 0.05) relative glucose response 
values resulted from the 70:30 SCFsd:fructose, 50:50 
SCFsd:fructose, and 50:50 SCFsd:sorbitol blends. The 
average relative glucose response of these blends was only 
4.8% compared with that of maltodextrin.

The majority of the SCFsd blends resulted in simi-
lar blood glucose response patterns (Fig. 1). The blends 
resulted in small to intermediate peaks during the first 
30 min of the glycemic response test. All of these peaks 
were greatly attenuated compared with the high peak 
produced by the maltodextrin. Most of the SCFsd blends 
also showed attenuated peaks during the first 30 min 
compared with SCFsd. After 30 min into the glycemic 
response test, the blends decreased to near basal blood 
glucose concentrations for the remainder of the test. 
Dogs orally dosed with the 70:30 SCFsd:fructose, 50:50 
SCFsd:fructose, and 50:50 SCFsd:sorbitol blends had 
blood glucose patterns different from the other blends. 
These blends did not result in any major peaks and at-
tenuated the glycemic response to basal or below basal 
concentrations throughout the entire glycemic test.

Dogs orally dosed with maltodextrin had greater 
(P < 0.05) incremental insulin area under the curve and 
relative insulinemic response values than dogs orally 
dosed with SCFsd and all the SCFsd blends (Table 5). 

Table 5. Incremental area under the curve for glucose and insulin, relative glycemic response (RGR), and relative 
insulinemic response (RIR) of soluble corn fibers spray-dried blends1

 
 
Item

Test carbohydrate  
 

SEM2
Malt SCFsd 95:5  

SCFsd:Fruct
85:15 

SCFsd:Fruct
70:30 

SCFsd:Fruct
50:50 

SCFsd:Fruct
70:30  

SCFsd:Pull
50:50  

SCFsd:Pull
50:50  

SCFsd: Sorb
Glucose, mmol/L 154.9c 98.9b 50.7ab 49.6ab 13.2a 7.6a 80.4b 49.2ab 4.8a 16.1
RGR, % 100.0d 62.8c 34.9b 30.3b 6.7a 2.1a 44.9bc 31.3b 5.8a 7.4
Insulin, pmol/L 10,354b 4,242a 4,026a 2,444a 1,460a 818a 3,239a 4,202a 927a 1,610
RIR, % 100.0c 48.6b 34.5ab 29.4ab 13.6a 7.7a 28.3ab 45.2b 9.5a 9.5

a–dMeans in the same row with different superscript letters are different (P < 0.05).
1SCFsd = spray-dried soluble corn fiber; 95:5 SCFsd:Fruct = blend of 95% SCFsd:5% fructose; 85:15 SCFsd:Fruct = blend of 85% SCFsd:15% fructose; 

70:30 SCFsd:Fruct = blend of 70% SCFsd:30% fructose; 50:50 SCFsd:Fruct = blend of 50% SCFsd:50% fructose; 70:30 SCFsd:Pull = blend of 70%SCFsd:30% 
pullulan; 50:50 SCFsd:Pull = blend of 50% SCFsd:50% pullulan; and 50:50 SCFsd:Sorb = blend of 50% SCFsd:50% sorbitol.

2Pooled SEM.
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Trends in the insulinemic response were similar to those 
observed in the glycemic response for the SCFsd blends. 
All the SCFsd blends had similar area under the curve 
values to SCFsd. The relative insulinemic response 
value of SCFsd was approximately 49 and was similar 
to all SCFsd blends except the SCFsd blends with 30 
or 50% fructose and sorbitol. Dogs orally dosed with 
these blends had reduced (P < 0.05) relative insulinemic 
response values than dogs orally dosed with SCFsd, with 
an average relative insulinemic response value of 10.

Serum insulin patterns for SCFsd and the SCFsd 
blends were similar to blood glucose patterns (Fig. 2). 
Dogs orally dosed with SCFsd blends showed an attenu-
ated peak insulin response compared with maltodextrin. 
The 70:30 SCFsd:fructose, 50:50 SCFsd:fructose, and 
50:50 SCFsd:sorbitol blends resulted in concentrations 
near or below basal insulin concentrations throughout 
the entire response test. The remaining SCFsd blends all 
resulted in small peaks during the first 30 min of the re-
sponse test that dropped rapidly to near basal concentra-
tions for the remainder of the test. The attenuated insulin 
response of the SCFsd blends resulted from their blunted 
glycemic response.

Dogs orally dosed with maltodextrin had the great-
est (P < 0.05) incremental glucose area under the 
curve, when compared with dogs orally dosed with 
SCF and all SCF:pullulan:sorbitol:fructose blends that 
resulted in similar but low area under the curves for 
blood glucose (Table 6). Numerically, the 60:20:10:10 
SCF:pullulan:sorbitol:fructose and 30:30:20:20 
SCF:pullulan:sorbitol:fructose treatments resulted in the 
least relative glucose response values (average relative 
glucose response value of 6) but were not statistically 
less than for SCF (relative glucose response value of 24).

Dogs orally dosed with the SCF:pullulan:sorbitol:-
fructose blends had similar blood glucose patterns 
(Fig. 3). All the blends resulted in a small blunted peak 
at 15 min of the glycemic response test that was at-
tenuated compared with the peak resulting from ei-
ther maltodextrin or SCF. After the short blunted peak 
at 15 min, the SCF:pullulan:sorbitol:fructose blends 
resulted in near or below basal concentrations un-
til 150 min into the response test. At this point, dogs 
orally dosed with all the blends except the 30:30:20:20 
SCF:pullulan:sorbitol:fructose began to show in-
creasing blood glucose concentrations. The increased 
concentrations of free sorbitol and fructose in the 
30:30:20:20 SCF:pullulan:sorbitol:fructose blend re-
sulted in below basal blood glucose concentrations 
from 45 min into the response test.

Dogs orally dosed with maltodextrin had a greater 
(P < 0.05) incremental insulin area under the curve and 
relative insulinemic response value than did SCF and all 
the SCF:pullulan:sorbitol:fructose blends (Table 6). The 
SCF:pullulan:sorbitol:fructose blends resulted in low but 
similar relative insulinemic response values (average 
relative insulinemic response value of 20) that were not 
different from the SCF value. These low insulin response 
values corresponded to the lower glycemic responses 
elicited by the SCF:pullulan:sorbitol:fructose blends.

Serum insulin patterns were similar among the SCF:-
pullulan: sorbitol:fructose blends (Fig. 4). All the blends, 
except 50:30:10:10 SCF:pullulan:sorbitol:fructose, re-
sulted in a small insulin peak at 15 min before return-
ing to basal concentrations. Even though the area under 
the curve and relative insulinemic response values were 
similar for SCF and the SCF:pullulan:sorbitol:fructose 

Figure 1. Incremental change from baseline in blood glucose response 
for dogs consuming 25 g of soluble corn fiber spray-dried blends. Treatments: 
SCFsd = spray-dried soluble corn fiber; 95:5 SCFsd:Fruct = blend of 95% 
SCFsd:5% fructose; 85:15 SCFsd:Fruct = blend of 85% SCFsd:15% 
fructose; 70:30 SCFsd:Fruct = blend of 70% SCFsd:30% fructose; 50:50 
SCFsd:Fruct = blend of 50% SCFsd:50% fructose; 70:30 SCFsd:Pull = blend 
of 70%SCFsd:30% pullulan; 50:50 SCFsd:Pull = blend of 50% SCFsd:50% 
pullulan; and 50:50 SCFsd:Sorb = blend of 50% SCFsd:50% sorbitol. Pooled 
SEM are (mmol/L): maltodextrin, 0.48; SCFsd, 0.51; 95:5 SCFsd:Fruct, 0.53; 
85:15 SCFsd:Fruct, 0.53; 70:30 SCFsd:Fruct, 0.54; 50:50 SCFsd:Fruct, 0.54; 
70:30 SCFsd:Pull, 0.53; 50:50 SCFsd:Pull, 0.53; and 50:50 SCFsd:Sorb, 0.53.

Figure 2. Incremental change from baseline in serum insulin response 
for dogs consuming 25 g of soluble corn fiber spray-dried blends. Treatments: 
SCFsd = spray-dried soluble corn fiber; 95:5 SCFsd:Fruct = blend of 95% 
SCFsd:5% fructose; 85:15 SCFsd:Fruct = blend of 85% SCFsd:15% 
fructose; 70:30 SCFsd:Fruct = blend of 70% SCFsd:30% fructose; 50:50 
SCFsd:Fruct = blend of 50% SCFsd:50% fructose; 70:30 SCFsd:Pull = blend 
of 70%SCFsd:30% pullulan; 50:50 SCFsd:Pull = blend of 50% SCFsd:50% 
pullulan; and 50:50 SCFsd:Sorb = blend of 50% SCFsd:50% sorbitol. Pooled 
SEM are (pmol/L): maltodextrin, 13.64; SCFsd, 24.46; 95:5 SCFsd:Fruct, 
25.60; 85:15 SCFsd:Fruct, 23.00; 70:30 SCFsd:Fruct, 23.00; 50:50 
SCFsd:Fruct, 23.62; 70:30 SCFsd:Pull, 23.62; 50:50 SCFsd:Pull, 23.62; and 
50:50 SCFsd:Sorb, 23.62.
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blends, dogs orally dosed with these blends showed an 
attenuated peak in serum insulin at the beginning of the 
response test compared with SCF.

The SCF used in both sets of blends partially resisted 
hydrolytic digestion and attenuated blood glucose 
concentrations on consumption. Soluble corn fiber 
resulted in a lower glycemic response compared with 
SCFsd. Sugar composition and hydrolytic digestion data 
found SCF to be composed of less glucose and more 
fructose and less digestible than SCFsd. These factors 
likely contributed to SCFs ability to attenuate blood 
glucose concentrations more than SCFsd. Kendall et 
al. (2008) evaluated the glycemic response in humans 
of SCF incorporated into a beverage. Authors reported 
an area under the curve of 28.5 mmol/L, which was 
similar to the area under the curve (39.1 mmol/L) of 
SCF reported in the current study. Along with low free 
sugar concentrations, the reduced glycemic response 
obtained with SCFs is due to the increased resistance to 

digestibility from increased glycosidic linkage formation 
resulting from SCF production methods.

Even though in vitro hydrolytic digestion studies have 
shown pullulan to be nearly completely digested, this 
novel carbohydrate can attenuate the glycemic response 
because of its property of being slowly digestible (Knapp 
et al., 2010). Wolf et al. (2003) evaluated the glycemic 
response of a pullulan (MW 100,000) in humans and 
found that it reduced the area under the curve for glucose 
by 50% compared with maltodextrin. Knapp et al. (2010) 
evaluated a set of pullulans of different MW in dogs 
and found lower relative glucose response and relative 
insulinemic response values compared with maltodextrin. 
Also, these pullulans successfully blunted the glucose and 
insulin curves throughout the response test. The addition 
of pullulan reduced the glycemic response in adult dogs 
compared with maltodextrin at all concentrations, but 
only 50:50 SCFsd:pullulan resulted in a reducing of the 
glycemic response compared with SCFsd alone.

Table 6. Incremental area under the curve for glucose and insulin, and relative glycemic response (RGR), and relative 
insulinemic response (RIR) of soluble corn fiber:pullulan:sorbitol:fructose blends1

 
 
Item

Test carbohydrate
 

Malt
 

SCF
70:10:10:10 

SCF:Pull:Sorb:Fruct
60:20:10:10 

SCF:Pull:Sorb:Fruct
50:30:10:10 

SCF:Pull:Sorb:Fruct
30:30:20:20 

SCF:Pull:Sorb:Fruct
 

SEM2

Glucose, mmol/L 210.4b 39.1a 59.8a 8.8a 23.8a 10.5a 17.2
RGR, % 100.0c 24.5ab 38.6b 5.2a 25.8ab 7.1a 7.9
Insulin, pmol/L 13,279b 4,943a 2,287a 2,593a 2,744a 1,606a 1,412
RIR, % 100.0b 26.2a 24.0a 23.7a 24.3a 9.3a 7.7

a,bMeans in the same row with different superscript letters are different (P < 0.05).
1SCF = soluble corn fiber; 70:10:10:10 SCF:Pull:Sorb:Fruct = blend of 70% SCF:10% pullulan:10% sorbitol:10% fructose; 60:20:10:10 SCF:Pull:Sorb:Fruct = 

blend of 60% SCF:20% pullulan:10% sorbitol:10% fructose; 50:30:10:10 SCF:Pull:Sorb:Fruct = blend of 50% SCF:30% pullulan:10% sorb:10% fructose; and 
30:30:20:20 SCF:Pull:Sorb:Fruct = blend of 30% SCF:30% pullulan:20% sorbitol:20% fructose.

2 Pooled SEM.

Figure 3. Incremental change from baseline in blood glucose 
response for dogs consuming 25 g of soluble corn fiber:pullulan:sorbi
tol:fructose blends. Treatments: SCF = soluble corn fiber; 70:10:10:10 
SCF:Pull:Sorb:Fruct = blend of 70% SCF:10% pullulan:10% sorbitol:10% 
fructose; 60:20:10:10 SCF:Pull:Sorb:Fruct = blend of 60% SCF:20% 
pullulan:10% sorbitol:10% fructose; 50:30:10:10 SCF:Pull:Sorb:Fruct 
= blend of 50% SCF:30% pullulan:10% sorb:10% fructose; 30:30:20:20 
SCF:Pull:Sorb:Fruct = blend of 30% SCF:30% pullulan:20% sorbitol:20% 
fructose. Pooled SEM are (mmol/L): maltodextrin, 0.82; SCF, 0.53; 
70:10:10:10 SCF:Pull:Sorb:Fruct, 0.82; 60:20:10:10 SCF:Pull:Sorb:Fruct, 
0.82; 50:30:10:10 SCF:Pull:Sorb:Fruct, 0.82; and 30:30:20:20 
SCF:Pull:Sorb:Fruct, 0.82.

Figure 4. Incremental change from baseline in serum insulin 
response for dogs consuming 25 g of soluble corn fiber:pullulan:sorbi
tol:fructose blends. Treatments: SCF = soluble corn fiber; 70:10:10:10 
SCF:Pull:Sorb:Fruct = blend of 70% SCF:10% pullulan:10% sorbitol:10% 
fructose; 60:20:10:10 SCF:Pull:Sorb:Fruct = blend of 60% SCF:20% 
pullulan:10% sorbitol:10% fructose; 50:30:10:10 SCF:Pull:Sorb:Fruct = 
blend of 50% SCF:30% pullulan:10% sorb:10% fructose; and 30:30:20:20 
SCF:Pull:Sorb:Fruct = blend of 30% SCF:30% pullulan:20% sorbitol:20% 
fructose. Pooled SEM are (pmol/L): maltodextrin, 23.62; SCF, 25.21; 
70:10:10:10 SCF:Pull:Sorb:Fruct, 23.62; 60:20:10:10 SCF:Pull:Sorb:Fruct, 
23.62; 50:30:10:10 SCF:Pull:Sorb:Fruct, 23.62; and 30:30:20:20 
SCF:Pull:Sorb:Fruct, 23.62.
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The addition of fructose and sorbitol in the blends had 
the greatest impact on glycemic and insulinemic respons-
es. Fructose and sorbitol do not acutely raise blood glu-
cose or stimulate insulin secretion. Even at concentrations 
as low as 5% of the blend, fructose reduced glycemic and 
insulinemic responses. Several studies in humans and rats 
have shown that small doses of fructose are effective in 
decreasing the glycemic response when supplemented 
with glucose (Moore et al., 2000; Wolf et al., 2002). Pos-
sible reasons for the decreased glycemic response caused 
by fructose include fructose-induced malabsorption of 
carbohydrate or enhancement of blood glucose uptake by 
the liver due to the ability of fructose to stimulate hepatic 
glucokinase activity (Heacock et al., 2002; Shiota et al., 
2002; Segal et al., 2007). This attenuation in blood glu-
cose and serum insulin responses was greatest when fruc-
tose and sorbitol were added to the blends at 30 and 50% 
concentrations. However, consumption of large doses of 
fructose and sorbitol may have adverse effects as they 
are incompletely absorbed in the small intestine and their 
malabsorption can lead to abdominal pain and develop-
ment of diarrhea (Fernandez-Banares et al., 2009).

In summary, carbohydrate blends tested in this study 
varied in sugar composition and in degree of resistance 
to simulated hydrolytic digestion. However, even 
considering these differences, all SCF blends attenuated 
glycemic and insulinemic responses when orally dosed 
to adult dogs. Attenuation of glycemic and insulinemic 
responses was achieved using a slowly digestible 
carbohydrate such as pullulan or sugars such as fructose 
and sorbitol that do not elicit a glycemic response. 
Reduced blood glucose and insulin responses have 
been shown to have several beneficial health effects, 
especially in diabetic patients (American Diabetes 
Association, 2007; Livesey et al., 2008; Riccardi et 
al., 2008). These SCF blends could be used to reduce 
postprandial glucose and insulin responses by replacing 
available carbohydrates in foods with low-digestible 
carbohydrates (Wolever, 2003).
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