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ABSTRACT

Positive postprandial blood glucose responses
have been related to low glycemic index (Gl) and
low glycemic load (GL) diets. The objective was
to determine the effect of protein profile on gly-
cemic response of low glycinin soymilk (high in
B-conglycinin) (LGS) and conventional soymilk
(S) in overweight and obese men. Twenty-four
subjects, 23 - 45 years old, average BMI of 29 (26
- 38) with triglycerides <200 mg/dL consumed
250 mL of LGS, S with identical macronutrient
content, with bovine milk (M) as reference.
Fasting blood samples were followed by sam-
ples at 15, 30, 45, 60, 90, and 120 min after the
milk consumption. One-day diet record, an-
thropometrics, and a demographic interview
were completed. LGS and S presented a Gl of
(average * standard deviation) 41.0 * 29.9 and
40.4 £ 37.2, respectively. M showed a Gl of 29.2
25.3, however, treatment effect was not signifi-
cant (P = 0.338). Similarly, GL for LGS (4.52 *
3.29), S (4.44 £ 4.09) and M (2.33 * 1.01) were not
significantly different (P = 0.107). Postprandial
glucose concentration curves for LGS, S and M
presented the same tendency throughout 120
min (P = 0.331). Fasting blood glucose corre-
lated with Gl (r = -0.553; P = 0.032) and GL (r =
-0.567; P = 0.028). LGS, S and M are low Gl
products and postprandial glycemic responses
were not different. The high content of the pro-
tein B-conglycinin in LGS did not have an effect
in postprandial blood glucose response in over-
weight and obese men.
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1. INTRODUCTION

Obesity and diabetes are two health concerns that of-
ten have overlapping incidence and prevalence, with
obesity being a major contributor to diabetes risk. In this
regard, governmental institutions and the food industry
have tried guide consumer decisions by educating them
about the content and properties of healthier food pro-
ducts. The glycemic index (GI) is a tool used to classify
foods based on the glycemic response, and is defined as
the glucose response area under the curve after 25 - 50 g
of carbohydrate consumption [1]. The Food and Agri-
culture Organization (FAO) of the World Health Or-
ganization (WHO) defined the GI in 1998 as the incre-
mental area under the blood glucose response curve of a
50 g carbohydrate sample of food expressed as a percent
of the response to 50 g of carbohydrate from a standard
food in same subject [2]. However, low GI products may
be tested with lower than a 50 g carbohydrate load [3].
The American Diabetes Association classifies food as
low GI, medium GI and high GI food with GI’s of 55 or
less, 56 - 69 and more than 70 respectively [4].

Several studies have claimed successful maintenance
of glucose concentrations with the consumption of low
GI foods [5]. In contrast to low GI foods, high GI food
produces a higher postprandial blood glucose response
after 2 h of consumption [6]. This reaction may be due to
slower digestion and absorption rates [7]. Isken et al. [8]
reported that only long-term (not short-term) consump-
tion of high GI foods results in obesity, insulin resistance
and metabolic complications. In contrast, Cocate et al. [3]
failed to confirm different glycemic responses between
low and high GI foods.

The determination of the GI is still controversial due
to the variable responses observed in the same type of
products. Measurement methods, food ingredients and
food processing conditions must be taken into considera-
tion when comparing GIs. For instance, larger degrees of
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processing yield higher GI responses [9]. Ripeness and
storage time have a marked influence on GI measure-
ments [4]. The methodology used also may influence the
differences in those results, for instance, capillary blood
samples are more reliable than venous blood samples to
determine the GI [10].

Glycemic loads (GL) are also related to lower risk of
cardiovascular disease and are calculated by multiplying
the GI of a food by the available carbohydrate present in
that food divided by 100 [11]. Low GI and GL diets have
shown improvements in glycemic control, reduction in
serum lipids, cardiovascular risk and diabetes risk [12].
Low GI diets have been also related to increments in
satiety [13]. While some authors correlate high GL diets
with elevated health risk of overweight individuals [14],
others failed to correlate the GI and GL with insulin sen-
sitivity and adiposity [15].

The effects that a low GI diet has on obese individuals
are also debated. The consumption of low GI products in
order to prevent the development of diabetes or other
obesity-related issues may be achieved by replacing 1)
energy from carbohydrates with energy from proteins, 2)
energy from carbohydrates with energy from fat, or 3)
high GI with low GI foods [7]. International tables of the
GI of foods have been published and used by the scien-
tific community as instruments to evaluate the relation-
ship between the GI and human health; however the list
is not yet comprehensive [6]. The objective of the present
study was to determine the effect of the protein profile on
the glycemic response of low glycinin soymilk (high in
B-conglycinin) and conventional soymilk to increase the
knowledge of the benefits of soy bioactive compounds as
new healthy food alternatives for those who are over-
weight or obese.

2. MATERIALS AND METHODS
2.1. Subjects and Study Design

Participants were healthy overweight and obese men,
non-vegetarian, non-athletes, and non-smokers, recruited
voluntarily from the campus of the University of Illinois,
Urbana-Champaign. Twenty-four subjects were recruited
with a mean age of 31 (23 - 45) years with a mean body
mass index (BMI) of 29 (26 - 38) and with normal serum
triglycerides levels (<200 mg/dL). All procedures were
conducted according to the principles expressed in the
Declaration of Helsinki, under approval of the Institu-
tional Review Board (IRB) of University of Illinois (IRB
# 09454) amended on November 10, 2010. After signing
consent, subjects were asked to watch a video with the
procedures to be performed in the study. Participants
were asked to participate in three repetitions of the gly-
cemic curve assessments on three different days (at least
one week apart). Subjects were asked to fast for 12 h
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prior each meeting and each subject consumed a different
treatment per repetition [low glycinin soymilk (LGS),
conventional soymilk (S) or bovine milk (M)]. Bovine
milk was the control for soymilk, and conventional soy-
milk was the control for the low glycinin milk, thus as-
sessing the effects of soy milk vs. bovine milk and gly-
cinin levels.

They also participated in a BMI evaluation, a demo-
graphic interview, and completed a 24-h diet recall in
every repetition. The 24-h diet recalls were reviewed
with the participants in person by a trained dietitian to
ascertain completeness of the records. Visual aides were
used to assist in correct portion identification. Energy
and nutrient intakes were determined using nutrient ana-
lysis software (Food Processor, Esha Research, Inc.).
The Estimated Energy Requirement (EER) was obtained
for each participant according to the Dietary Reference
Intakes guidelines [16]. From the 24 subjects enrolled,
19 subjects finished the entire study and were considered
for the analysis. The main reasons for withdrawal were
inconveniences on work schedules and weather condi-
tions.

2.2. Glucose Curve Assessment

Subjects received instructions on how to use the glu-
cometer and were asked to wash and dry their hand be-
fore each prick. Subjects consumed 250 mL of milk
within 10 - 15 min. Capillary finger-stick blood samples
(1 pL/sample) were taken in the fasting state (0 min) and
at 15, 30, 45, 60, 90, and 120 min after the start of the
consumption of milk. Glucose levels were measured us-
ing a calibrated One Touch Ultra® glucometer. According
to Solnica et al. [17] One Touch glucometers have ac-
ceptable performance and standard deviation from labo-
ratory analysis <10%. The positive area under the curve
(AUC) in blood glucose was calculated by using the
trapezoidal method (GRAPHPAD PRISM, version 4.00;
GraphPad Software, San Diego CA). Incremental AUC
(1IAUC) was considered as the AUC above baseline, the
area beneath the fasting concentration was ignored; only
the measurements with positive peaks (AUC) were con-
sidered. There were two subjects with negative areas
under the curve. Only subjects with fasting blood glucose
<110 mg/dL were included in the calculations. The glu-
cose curve shapes were classified following the defini-
tion of Tschritter et al. [18]. When plasma glucose in-
creases to the maximum after 30 - 90 min and decreases
until 120 min it is considered to be a “monophasic”
plasma glucose curve. If glucose shapes reach a nadir
after an initial increase again > 0.25 mmol/L (4.5 mg/dL)
until 120 min it is classified as “biphasic” plasma glu-
cose curve. If three glucose peaks are observed (>0.25
mmol/L minimum increment) it is considered “triphasic”.
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Glycemic loads were calculated using the formula: GL =
[AAUC#* g of carbohydrates)/100].

2.3. Statistical Analysis

Statistical analyses were conducted using SAS version
9.2. (SAS institute, Cary, NC). Data normality was ana-
lyzed with Shapiro-Wilks tests. Glycemic index was ana-
lyzed with multivariate analysis of variance (MANOVA)
considering the effect of subjects, beverages, initial fast-
ing glucose, type of curve, BMI, age, serum triglycerides
and energy intake, dietary protein, dietary carbohydrate,
and dietary fat. Incremental areas under the curve per
treatment throughout the time were analyzed using ana-
lysis of variance for repeated measurements. Glycemic
loads (GL) were calculated by multiplying the GI of a
food by the available carbohydrate present in that food
divided by 100 [11]. Glycemic loads among beverages
were analyzed by one-way ANOVA tests. A correlation
analysis was used to correlate GI, GL and fasting glucose
with BMI, age, serum triglycerides, changes in body fat,
waist-hip ratio (WHR), plasma adiponectin, plasma C-
reactive protein and plasma interleukin-6 obtained pre-
viously. All statistics are presented as mean + Standard
Error of the Mean (SEM) of the groups of individuals
(beverages) or mean + Standard Deviation (SD). A P-
value < 0.05 was considered significant. A power analy-
sis was performed in order to detect true differences 80%
of the time at alpha = 0.05 and a medium effect size
(Sample Power 2.0).

3. RESULTS

Chemical analyses of the beverages revealed no sig-
nificant differences in total energy, carbohydrate (11 g),
protein (14 g) and fat (7 g) (Table 1). The only chemical
differences were the concentrations of f-conglycinin
(LGS, 49.5%; S, 26.5%; and M, 0% of total protein) and
glycinin (LGS, 6.0%; S, 38.7 %; and M, 0% of total pro-
tein). The total isoflavone content was similar in the two
soymilk products (P > 0.05). As expected, bovine’s milk

contained less that 1 ppm of isoflavones (data not shown).

The LSG, S and M were processed and stored under the
same conditions to eliminate bias due to treatment pre-
paration and manipulation.

The two soymilks and the bovine milk were tested in
the same subjects at different times which allowed us to
have the same subject characteristics for each group.
Participants were on average 30 + 1.5 years old and had a
BMI of 29 £ 1. Low glycinin soymilk and S presented a
GI of 41.0 = 29.9 and 40.4 = 37.2 (mean + standard de-
viation, respectively). The bovine milk used in this study
as a reference showed a GI of 29.2 &+ 24.3, however, the
effect on GI was not significant (P = 0.338) (Table 2).
Fasting blood glucose for LGS, S and M were 91.1 + 5.5
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Table 1. Chemical composition of 250 mL of beverages con-
ventional soymilk (S), low glycinin soymilk (LGS) and bovine
milk (M).

Content in 250 mL" S LGS Y
Calories (Cal) 105+£0.5 103+0 93+0.1
Fat (g) 35+0.2 35+0 3.6+0
Carbohydrates (g) 11+£0.5 11+0.6 8+0
Dietary Fiber (%) <1 <l <l
Protein (g) 7+0.2 7+0.1 7+0.1

"Data are Means + SD; P> 0.05.

mg/dL, 94.1 + 7.7 mg/dL and 91.2 + 8.2 mg/dL, respec-
tively.

Most subjects presented biphasic curves with all bev-
erages, and this fact did not influence the calculation of
the area under the curve (P = 0.072). Energy intake (P =
0.219), dietary carbohydrate (P = 0.350), and dietary fat
(P = 0.795) did not influence significantly the glycemic
response. Dietary protein showed a slight significant
influence in the glycemic response (P = 0.018). Energy
intake/EER ratio showed that 9 out of 17 subjects re-
ported having a lower calorie intake than the recommen-
dation, and only 2 reported an energy intake that ex-
ceeded the recommendation (Table 3). Glycemic loads
for LGS, S and M were 4.52 = 3.29; 4.44 + 4.09 and 2.33
+ 1.01 (average + standard deviation, respectively) with
no significant differences found among the beverages (P
= 0.107). The postprandial glucose concentration curves
for LGS, S and M are shown in Figure 1. Regardless of
the lower glucose concentration in M at 60 min, the glu-
cose curves among them did not present significant dif-
ferences throughout the 120 min of analysis (P = 0.331).

No correlations were observed between GI or GL with
BMI, age, serum triglycerides or previous changes in
body fat, waist-hip ratio (WHR), plasma adiponectin,
plasma C-reactive protein or plasma interleukin-6 (P >
0.05). Glycemic loads correlated with GI and fasting
glucose (r = 0.975, P < 0.0001, and r = —0.567, P =
0.028, respectively). The GI also was correlated with
fasting glucose (» =—0.553; P =0.032).

4. DISCUSSION

According to the American Diabetes Association, all
beverages used in the present study were low GI pro-
ducts [4] (GI of 55 or less). The international tables of GI
also agree with this classification of low GI food pro-
ducts [6], and presented similar GI’s values with those
observed in this study (44 + 4 for soymilk and 32 + 5 for
bovine milk). Glucose maintenance [19,20], better gly-
cemic responses [12], and increases in satiety have been
associated with consumption of low GI products. In con-
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Table 2. Glycemic response analysis of low glycinin soymilk (LGS), conventional soymilk (S) and bovine milk (M).

TRT LGS S M P-value”
N 16 16 14
iAUC 41.0+29.9 40.4+£372 2924253

Factors of Influence

Fasting glucose (mg/dL) 91.1+5.5 94.1+7.7 91.2+82 0.0006
Monophasic 5 6 5

Curve type Biphasic 9 7 8 0.072
Triphasic 1 1 3

BMI 29+2.8 29+3.5 30+3.6 0.177

Age Years 304+5.9 30.1£1.6 30.1+6.1 0.712

Serum Triglycerides (mg/dL) 78.9 +46.6 78.1+£47.0 80.2+47.2 0.617

Energy Intake kcal 2946 + 1035 2699 + 747 2611 £ 1164 0.219

Dietary CHOs g 366.7+ 171 348.5+ 133 340.6 + 162 0.350

Dietary protein g 103.9+49.7 102.4 £28.9 96.4+42.4 0.018

Dietary fat g 121.9 £ 69.6 98.7+36.8 97.3+60.7 0.795

"P-values of the influence of variables in the glycemic index response (MANOVA). Data are Mean + SD. The treatment effect in glycemic index was not sig-
nificant (P = 0.338).
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Figure 1. Glucose curves of low glycinin soymilk (LGS), conventional soymilk (S) and bovine milk (M). Data are: Means + SEM. *
(P <0.05). Time*treatment effect P =0.331.

trast, other authors did not find differences in the glucose proves glucose levels more than casein. Our results con-
response in short-term low GI food consumption [3,8, tradict such findings, with no differences in postprandial
21-23]. blood glucose response among the high, regular, and

Animal studies developed by Tachibana et al. [24] and non-f-conglycinin beverages throughout the 120 min of
Moriyama et al. [25] affirmed that S-conglycinin im- the analysis in overweight and obese men (P = 0.338)
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(Figure 1). The maximum glucose peak was observed at
45 min after consumption for all beverages. Parillo et al.
[26] proved that consumption of food products with
similar carbohydrate content but different GI’s promote
different postprandial blood glucose response. In the
present study, there were no differences in postprandial
blood glucose response. The only difference observed in
the postprandial glucose response throughout the time
among the different beverages, was a slightly lower
blood glucose concentration at 60 min with bovine milk
(P =0.021). However, after 75 min, blood glucose levels
tended to stabilize at 90 - 100 mg/dL with all beverages.
Indeed, Liu et al. [27] recently reported no differences
among soy protein or milk protein, with or without iso-
flavones, in fasting or 2-h postprandial glucose concen-
trations after a 3-month intervention.

Low glycinin soymilk and conventional soymilk
showed fewer monophasic than biphasic glucose curves.
However, the glucose curve type did not influence the
glycemic response (Table 2). According to Tschiritter et
al. [18] biphasic glucose curves are more often associ-
ated with normal glucose tolerance than monophasic
curves, and most of the curves observed with soymilk

consumption were biphasic. Dietary protein showed a
slight influence; however, the difference of 6 g/day of
protein intake was not enough to produce significant
changes in glycemic responses among beverages (Table
2). The comparison between energy intake and energy
requirement showed that most of the participants in the
present study were at or below their requirement (Table
3).

Low glycinin soymilk, S and M presented average
fasting blood glucose values of 91.1 + 5.5 mg/dL, 94.1 +
7.7 mg/dL and 91.2 + 8.2 mg/dL, respectively. These
small differences were influencing the postprandial blood
glucose response (P = 0.0006, power of 96%). Fasting
glucose concentrations positively correlated with GI,
meaning that the higher the initial blood glucose concen-
tration under fasting conditions, the higher the glycemic
response will be.

The GL among beverages did not present significant
differences. Our results are similar to the study deve-
loped by Torres and Torres et al. [28] who determined
that soymilk has a GL of 4.8 and bovine milk has a GL of
2.0. Their study determined that soymilk beverages are
low GI products and consumption of soymilk with low

Table 3. Energy intake/estimated energy requirement ratio per subject.

Subject '?3)6 V‘(’f('g;'t ";i'r%;‘t BMI  EER 'f:farlgg I;:r?glgg Ilzr?farlgg ?i%%e _ (Féﬁ;'gcf,
(kcal) (kcal) (kcal) intake intake/EER)
1 45 106.78 177.80 34 3078 2516 2501 1983 2333 0.8
2 31 83.16 176.11 27 2785 2605 2596 2412 2538 0.9
3 23 126.74 181.61 38 3661 2184 2401 5677 3421 0.9
4 24 89.96 185.42 26 3023 2478 1480 1437 1798 0.6
5 27 93.76 182.88 28 3047 3165 2087 2186 2480 0.8
6 31 102.82 176.95 33 3137 3612 3383 2379 3125 1.0
7 27 77.94 165.10 29 2672 2706 1950 1254 1970 0.7
8 37 105.08 190.50 29 3193 6254 2102 1483 3279 1.0
9 30 97.69 187.96 28 3116 2203 3044 2839 2695 0.9
10 33 81.53 178.05 26 2748 2336 3593 2155 2695 1.0
11 29 104.09 200.66 26 3307 3503 3675 3011 3396 1.0
12 28 90.95 176.53 29 2954 3390 2407 2703 2833 1.0
13 36 87.24 176.95 28 2814 2707 2483 4329 3173 1.1
14 36 107.41 190.50 30 3244 2728 4081 3892 3567 1.1
15 24 106.29 176.11 34 3261 2053 1894 1767 1904 0.6
16 23 97.45 177.80 31 3123 1668 2249 2445 2121 0.7
17 26 81.33 171.03 28 2773 3227 2264 2531 2674 1.0

"EER (Estimated Energy Requirement) was calculated based on the Dietary Reference Intakes guidelines http:/www.nal.usda.gov/fnic/DRI/DRI_En-
ergy/107-264.pdf. Total energy intake was calculated according to the energy consumption declared by participants in three different days using 24-h recalls.
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carbohydrate concentrations reduced insulin secretion
and can be recommended in obese and diabetic indi-
viduals. According to Murakammi et al. [14] low GL
diets might be an effective strategy for preventing over-
weight in Japanese children and male adolescents and
high GL diets may increase risks related with overweight.
They also found an interesting association of low dietary
GL with a decrease in highly refined grain intake and an
increase in fruit and vegetable intake. These and other
positive correlations determined in past studies, led us to
hypothesize that the inclusion of low glycinin soymilk or
conventional soymilk may contribute to a decrease in the
total daily dietary GL, decreasing overweight-related
risks and positively modify dietary patterns.

5. CONCLUSION

In conclusion, all beverages used in the present study
are considered low GI foods. Postprandial glycemic re-
sponses were not affected by the consumption of LGS, S
or M, and thus we can conclude that beverages with dif-
ferent protein profiles with similar GI values do not have
different glucose responses in overweight men. Our re-
sults suggest that the high content of S-conglycinin in
low glycinin soymilk did not have an effect in postpran-
dial blood glucose response in overweight men.
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