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Abstract:
Powdered whey protein is most often used as a food supplement to enhance athletic
performance, but it also has a role in health and wellness as well as the pharmaceutical
sectors. Given the dynamic array of roles across several industries, understanding the
functional characteristics of whey proteins is of great interest. Protein structure can be
altered via plasma-surface modification (PSM), a method which is based on plasma as a
means to alter a material’s surface structure and as such its functional characteristics. So
far PSM has been utilized to alter the surfaces of inorganic materials but there is growing
interest in its applications with organic materials such as food proteins. To date, the effect
of atmospheric plasma on the perception of mixability and taste of whey protein isolate
has not been explored; the purpose of this study is to investigate whether PSM could be
effectively utilized to alter the two. Psychometric measures of mixability and taste were
gathered during a single-blind, randomized clinical trial design during which subjects
ingested 28g of either PSM treated or untreated whey protein isolate powder. A 30.26%
increase in perceived mixability and 12.5% in perceived taste were observed upon
treatment with PSM, indicating that plasma treatment does not negatively impact the
perception of mixability and taste of whey protein isolate and under the right conditions
could promote an improvement in these characteristics.
Figures:

Figure Legend:
Figure A: Comparison of mixability perception of untreated and plasma-treated whey
protein powders. Asterisk (*) indicates 30.26% increase in mixability with PSM treatment
as compared to untreated control (p = 0.0614).
Figure B: Comparison of taste perception of untreated and plasma-treated whey protein
powders. Asterisk (*) indicates 12.5% increase in taste with PSM treatment as compared
to untreated control (p = 0.1305).
Introduction:
Whey was discovered 5000 years ago and was initially considered an effective medicinal
treatment for common illnesses.1 Since those times, whey has generally been disposed
of as a waste product of casein, yogurt and cheese production. 1 However, advancements
in processing and handling techniques enabled the isolation of whey from milk, and it is
nowadays recognized as one of the most nutritionally available protein products on the
market.1,2 Along with the progress in scientific knowledge of whey protein structures and

functions, technological, engineering and processing advancements have enabled costeffective and efficient whey manufacture and have as such contributed to its availability
and commercialization. Functional and bioactive whey is attractive due to its biological,
chemical, physical and nutritional characteristics, all of which enable its applications as a
food and nutrition product.2 Whey is commonly used as a dietary supplement either to
enhance athletic performance or improve weight management efforts. It has also been
used as an emulsifier or flavor and texture enhancer in the food and nutrition industries.
The processing and handling of whey has been reported to cause flavor variations
between whey protein products3, and the flavor of whey solids has been a limiting factor
in their use in food products.3-7 Off-flavors such as bitterness, sourness, diacetyl and
‘brothy’ have all been mentioned as confounding factors in the lack of the use of whey
proteins in bland or neutral food products.3,8,9 Previous findings report that composition,
manufacturing process and storage all affect the taste of different milk protein products.10
In particular, shipping and storage temperatures have been implicated in the final
outcome of protein flavors as well as their durability or shelf-life.10
Plasma-surface modification (PSM) is a method that relies on plasma, a gas that is
characterized by both high conductivity as well as high internal energy 11, to induce
changes in the chemical properties of materials. Plasma treatment is said to be initiated
when plasma ions come into contact with a particular surface and induce changes in
surface area and hydrophilicity.11 Furthermore, atmospheric plasma treatment takes
place if one of the several treatment gases that are used during PSM is atmospheric air. 12
PSM is a frequently used tool for the modification or functionalization of surface structures
of interest, yet atmospheric plasma as a means to induce whey protein changes that
potentially affect the perception of end user characteristics such as mixability and taste
has not been investigated to date.
Objective:
The goal of this study is to investigate whether protein structural alterations by
atmospheric plasma also modify the taste and mixability perception of dry powdered whey
protein isolate.
Results & Discussion:
Here we investigate the impact of PSM on dry powdered whey protein isolate and its
effects on two of the most important end user characteristics, whey protein mixability and
taste. Proprietary PSM technology (Ingredient OptimizedTM, Plasma Nutrition, USA) was
used to effectively mediate the exposure of organic dry powder materials to plasma to
elicit multiple changes, including protein structure alterations. A commercially available
dry powder whey protein isolate was obtained as source material, part of which was PSM
treated and another part from the same batch served as the control for the experiment.

Participants’ psychometric ratings were utilized to measure mixability and taste
perceptions of the tested protein batches, and an increase in both variables was
observed. An overall 30.26% (p = 0.0614) enhancement in mixability (Figure A) and a
12.5% (p = 0.1305) improvement in taste perception are reported. While the p-values are
not below the cut-off used to indicate statistical significance, these findings can be
considered as relevant in light of a few points. The low number of participants is a
confounding factor affecting significance but not the overall perceptions of mixability or
taste in a negative way. In other words, while the p-values do not meet the cut-off criteria,
the degree to which mixability and taste were perceived did not decrease. This implies
that PSM did not have a negative effect on either mixability or taste, and thus it can be
concluded that the trends of our findings are such that an increase in participant number
would not only result in an increase in positive end user perception percentages for both
characteristics, but that the findings would also be statistically significant. Ultimately,
further investigations with more participants are warranted to confirm these speculations.
Pre-treatment procedures have been suggested as means to overcome the negative
flavors of whey proteins that are caused by their processing and handling prior to
release.13 Here we analyze the effects of PSM on perceived flavor and mixability, and our
findings indicate a positive correlation between important end user perceptions and the
use of plasma on whey protein isolate powder. Overall, these findings indicate that
plasma is an effective treatment method of dry powdered whey as means to increase
important end user perceptions. This would be of great interest to food and nutrition
industries in their efforts to optimize whey protein powder flavors as well as solubilities.
Conclusions:
Taste and mixability are two of the most important end user perceptions for a commercial
protein application. PSM seems to have no negative effects on either taste or mixability
and may even enhance these qualities. In fact, a 12.5% increase in taste perception and
a 30.26% increase in mixability perception were observed. These findings have several
inferences for the use of PSM to enhance commercially available whey protein powders
that could be of particular interest to the food and nutrition industries.
Methods:
A single-blind, randomized clinical trial design study was conducted including 14
participants, out of which eight received 28g of PSM-treated whey protein powder per day
and six received 28g of untreated whey-protein powder per day for a total of eight weeks.
Both groups received a commercially available dry powdered whey protein isolate from
the same batch. The experimental group received material that had been exposed to
atmospheric plasma conditions using the Proprietary PSM technology (Ingredient

OptimizedTM, Plasma Nutrition, USA) technique described above, and the control group
received unexposed material from the same batch.
Psychometric measures of the protein’s taste and mixability following its ingestion were
gathered during the trial.
Statistical analysis was conducted via Prism 6 (GraphPad Software) using a one-tailed ttest (p<0.05).
Limitations:
This study investigated the application of PSM on only one source of dry powdered whey
protein isolate. While the whey protein isolate source material used in this investigation
is commonly found in commercial use, there may be variations between the material used
and other market-available whey protein isolate powders. Further studies are needed to
examine the effect of PSM on a range of dry powder whey protein isolate sources.
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