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Assessing Glycemic Responses to Low-Fat
Milk Enriched with Whey Proteins and Oats
Powder

Abstract

This study investigates the glycemic responses of low-fat milk incorporated with
whey proteins and oats powder through a randomized crossover design. Eleven
healthy volunteers (6 males, and 5 females, aged 20-30 years, BMI 18.5-23.5)
ingested a formulation consisting of skimmed milk powder, additional whey
proteins, and oats flour (4:1 ratio) with 50 g of available carbohydrates. Blood
glucose concentrations were measured at various intervals, revealing a glycemic
index (Gl) of 12 + 2 and a 37.7% average peak reduction compared to the standard
(Glucose). Proximate analysis indicated higher total protein content (36.08 +
2.5%) and lower fat content (4.34 + 0.5%) compared to fresh milk powder. The
incorporation of whey powder significantly reduced the Gl of milk (p<0.05),
suggesting the potential development of low-Gl milk powder formulations by
incorporating whey proteins and cereal grains like oats.

Keywords: Glycaemic index; Low-fat milk; Whey proteins; Oats; Randomized
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Introduction

In the contemporary landscape, approximately 17% of the global
population is believed to grapple with diabetes and related non-
communicable diseases, primarily stemming from unhealthy
dietary practices [1]. Diabetes, a non-communicable ailment
characterized by a persistent and habitual increase in blood
glucose levels, has prompted the widespread utilization of
concepts like Glycemic Index (Gl) and glycemic load to assess the
impact of food sources on postprandial glucose levels.

Several factors influence the Gl of food, and recent research
suggests that specific milk proteins possess insulinotropic
properties, potentially significantly elevating postprandial insulin
levels [3]. Ercan's findings indicate a reduction in glucose response
when a moderate amount of fat is ingested concurrently with
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carbohydrates [4].

Despite concerns leading some individuals to avoid dairy due to
perceived associations with obesity, osteoarthritis,and cardiovascular
diseases, research by Serge Roz Enberg et al. contradicts this belief,
asserting that dairy products, particularly when low in fat, do not
increase the risk of cardiovascular diseases [5].

© Under License of Creative Commons Attribution 3.0 License | This article is available in: www.sciset.com

This study is centered on examining the glycemic responses of
milk powder with reduced fat and increased whey proteins.
Many commercially available high-protein dairy-based powder
formulations are laden with additional calorie contributors such
as fats and carbohydrates. While these products offer high protein
content, their potential to elevate blood glucose levels, when
consumed regularly, may pose a risk of pre-diabetic conditions.
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To address this, cow milk was reformulated and standardized,
reducing its fat content. The resulting product is a low-fat, high-
protein dietary option.

Given the prevalent practice of adding sugar (sucrose) to milk
powder, especially in Asian cultures like Sri Lanka, the formulated
milk powder must have an initially low Glycemic Index. This
ensures that the addition of sugar does not substantially increase
glycemic responses.

Both proteins and fats in food are recognized for their ability
to reduce blood glucose elevations [6]. However, it remains
unclear which component—milk whey proteins or milk fat—
has a greater impact on reducing the Glycemic Index in dairy
sources. Therefore, this study aims to provide insights into the
comparative and practical effects of milk whey proteins and milk
fat on glycemic responses.

Materials and Methods
Materials

e Cow milk (15 L) with reduced fat (5.31%) was spray-dried
to achieve a moisture content of 3.5%.

e Qats powder and whey protein powder from reputable
commercial brands were ground to a fine powder (particle
size 0.05-0.01 mm).

e For 100 g of milk powder, 20 g of whey and 10 g of oats
powder were blended.

Preparation of Breakfast Meals

e Skimmed milk powder, powdered oats, and whey were
mixed in ratios determined by a palatability test conducted
by a non-trained panel.

Analysis of Proximate Composition

* Proximate compositions of the powder mixture were
determined:

e Moisture and ash contents by AOAC official methods [7,8].

* Digestible carbohydrate content, fat, and soluble &
insoluble dietary fiber with Holm’s method [9], Croon and
Guchs [10], and Asp's method [11], respectively.

e Crude protein using the Kjeldahl method with Copper/
Selenium catalysts [12].

Ethical Clearance

e Ethical clearance (No.77/17) was obtained from the
Ethical Review Committee, Faculty of Medical Sciences,
University of Sri Jayewardenepura, Sri Lanka.

¢ Informed written consent was obtained from all

participating subjects.
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Determination of Glycaemic Indices

* A randomized crossover study, following Brouns et al.'s
review in 2005 [13].

* Healthy volunteers (n=11), both sexes (6 males, 5 females),
aged 20-30, BMI 18.5-23.5.

* Subjects refrained from smoking, alcohol, and vigorous
physical activities the day before.

* Glucose (GI=100) was served as the standard; test and
standard foods (50 g digestible carbohydrates) were served
randomly to the same individual on separate occasions.

e Capillary blood samples were collected at 30, 45-, 60-, 90-,
and 120-min post-meal.

¢ Serum glucose concentrations were determined with a
Glucose-Oxidase kit (BIOLABOSATM; Biolabosa, France).

* Gl calculated using the meaning of individual incremental
area under the curve of the test and standard foods [13].

* Glycaemic load (GL) of the test food calculated (GL
Gl*digestible starch per serving (g))/100).

Statistical Analysis

* Proximate composition values expressed as mean
standard deviation.

I+

* Gl values expressed as mean with SEM.

* Comparison of Gl values of the test food with typical cow
milk using paired Student’s t-test (Microsoft Excel 2013) at
a 95% confidence level.

Results
Proximate Compositions

Proximate compositions of fresh cow milk powder and the newly
formulated powder sample are depicted in Figure 1. Significant
differences (p<0.05) were observed in all three macronutrient
contents (fat, protein, digestible carbohydrates) between the
two samples. Crude fiber contents in both samples were not
measurable, with the remainder considered mineral ash.

Glycemic Index (Gl)

The Gl for the prepared formulation was 12 + 2 (Low Gl),
significantly (p<0.05) lower than the reported Gl of fresh milk (36,
as found by David et al. [14]). This substantial threefold reduction
in Gl in the new powder formulation was achieved through the
incorporation of whey and oats powder, replacing a significant
amount of milk fat.

Blood Glucose Peaks

The average maximum peak value for glucose was 162.7, while
the newly formulated powder exhibited a considerably reduced
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Figure 1: Comparison of macronutrient composition between fresh milk and newly formulated powder product.

Table 1: Average blood glucose values with time.

Food 0 min 15 min 30 min 45 min 60 min 90 min 120 min
Standard (Glucose) Q3.4 128.7 151.9 162.7 137.2 1205 96,5
Formulated sample 92.4 99 101.2 95.8 95.3 97.4 931

Table 2: Detailed glycemic response results in newly formulated powder.

Mean Gl 12 %2
standard error mean 1.7

Portion size 350 mL
Peaking time 30 min
Peak reduction 61.4 mg/fdL
% Peak Reduction (compared to Glucose) 37.73

% Gl reduction (Compared to fresh milk) 66,7
Glycaemic Load 23

peak of 101.3 (Table 1). This represents a notable peak reduction Glycemic Load (GL)

of 37.73% (Table 2).
0 According to the Glycemic Load scale, GL values > 20 are

Glycemic Response Curve considered high, between 11 to 19 as intermediate, and GL < 10
as low. The calculated GL value for the formulated powder sample

The glycemic response curve of the prepared powder formulation
was 2.3 (Table 2), indicating a very low GL value.

(Figure 2) indicated a lower peak value compared to the standard
(Glucose). The.peakmg time was observed 15 minutes earlier Discussion
than glucose (Figure 2).

The significant reduction in the Glycemic Index (Gl) observed in
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Figure 2: Blood glucose response curves (Glucose vs. formulated sample).
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the newly formulated powder compared to fresh milk suggests
a substantial impact of whey proteins in diminishing glycemic
responses. Although the digestible carbohydrate content
increased due to the incorporation of oats powder, fat reduction,
a known factor for lowering Gl, outweighed this effect in the
new formulation. Proximate analysis results did not indicate a
considerable contribution of dietary fiber from oats powder,
emphasizing the pivotal role of whey proteins in the observed Gl
reduction [14].

Cow milk is rich in essential nutrients crucial for maintaining a
healthy lifestyle, and a dairy-free diet may pose challenges in
meeting nutritional requirements. Despite this, the prevalent
practice of adding sugar to milk, especially in Asian cultures like
Sri Lanka, necessitates efforts to minimize the initial Gl of milk.

This study explores the combined impact of reducing fat,
increasing whey proteins, and incorporating cereals like oats
on the glycemic response of milk. The findings highlight that
the substantial inclusion of whey proteins can counteract the
potential Gl increase resulting from both increased digestible
carbohydrate content and reduced fat.

Glycemic Load (GL) considerations provide insights into the
likely glycemic effects of realistic portion sizes of different foods.
Volunteers noted that the portion size of the newly formulated
powder product appeared 'larger.' Consequently, the GL value
for the powder formulation may be lower when accounting for
actual daily consumption.

The study underscores the noteworthy negative impact of whey
proteins on blood glucose elevations, surpassing the impact of
milk fat content. These findings hold significance for dairy powder
producers, offering insights into formulating products with

4

reduced fat and increased whey proteins to mitigate glycemic
impact.

Conclusion

In conclusion, whey protein emerges as a pivotal factorin reducing
the glycemic responses of milk, effectively counteracting the
potential increase in Gl due to reduced fat and a slight increment
in digestible carbohydrates from cereals like oats. This valuable
information can guide industrial producers in formulating low-
fat, high-protein milk powder products, catering to the growing
demand for healthier dairy options.
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