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Abstract A nutritional supplement was developed aiming at correcting the most common nutrient and caloric deficiencies
encountered in elderly people (>60 years old). The protein source was a mixture of whey protein isolates (WP1) and bovine
collagen hydrolysate (BCH} with high nutritional and functional qualities making up 12% of the formulation. The
carbohydrate fraction was composed of sucrose, inulin (soluble fiber), and fructo-oligosaccharide (prebiotic). The maost
commonly deficient essential minerals and vitamins were also included. Acceptance of the product was good according to
both an elderly panel and a laboratory panel composing of both sexes and various ages. The stability of the formulations was
evaluated and the estimated shelf life at room temperature (ca. 27°C) was approximately 4 months.
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Introduction

The progressive aging of the world population is a fact. In
1950 the world population of age >60 years was 8.2%; in
2000 this age group reached 10% and the projection for
2050 is that over 20% of the world population will reach
advanced age. In Brazil this aged group is growing at about
the same rate (1,2). The rapid increase of the aged population
is a preoccupation of the governments of all nations, which
attempt to bring down the costs of public health care,
concomitant with improving the quality of life of elderly
people (2). Due to several intrinsic and external factors,
aged people become susceptible to chronic and disabling
diseases as well as undernutrition (3).

The main intrinsic factors for this are physiological and
metabolic alterations, modifications in the digestive tract
and sensorial perceptions, changes in body composition,
and alterations in the immune system {4-7). The most
common external (environmental) factors contributing to
disease and undernutrition in the elderly are poverty, social
isolation, limited capacity of movement, and decline in
cognitive capacity (4,8). The main nutritional deficiencies
that have been reported for the elderly population include
energy (5), protein (5), fiber (9), minerals, and vitamins
(5,10). Accelerated shelf life tests can be conducted under
abused conditions of high temperature and relative humidity
and reduced storage time (11). Such option permits speed
up storage time and estimate the shelf life based on
mathematical models (12).

The objective of this investigation was to develop a
nutritional supplement for undernourished elderly people,
capable of covering the most critical deficiencies of this
age group. Ideally the product should present a good
acceptability by the elderly and stand storage at room
temperature for at least 6 months in flexible package
materials.
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Materials and Methods

The guidelines for the choice of ingredients (nutrients) for
the formulation of the supplements were some data from
recent literature (5,9) and a preliminary survey (not
published) which was done at the Geriatric Sector of the
Faculty of Medicine, Campinas State University, Campinas-
SP, Brazil.

Materials Proteins were a whey protein isolate (WPI) —
ALACEN 895, acquired from NZMP New Zealand Milk
Products (Sdo Paulo, Brazil), and a bovine collagen
hydrolysate (BCH) fumnished by Gelita South America,
Cotia (Sao Paulo, Brazil); maltodextrin 1910 from Cormn
Products (Sao Paulo, Brazil); sucrose of the brand ‘Unido®,
acquired in a local supermarket, (Campinas, Séo Paulo,
Brazil); inulin (Raftiline® GR) and fructo-oligosaccharide
(Raftilose® P95) were a gift from Orafti — ActiVe Food
Ingrediends (Sao Paulo, Brazil). The minerals magnesium
oxide RA 150, zinc oxide FA, iron (Ferrochel® Amino
acids chelate), sodium selenite, chromium chelavite®,
magnesium chelate (20%) were supplied by M. Cassab
Ltd. (S&o Paulo, Brazil), and calcium was a gift from
Puracal PP FCC (S&o Paulo, Brazil). The vitamins: vitamin
A acetate (325 CWS/F), dl-alpha-tocoferol, ascorbic acid,
pyridoxine hydrochloride (vitamin By), vitamin By, 0.1%
WS and folic acid -~ BP were a gift from Roche — DSM
Nutritional Products Ltd. (Sdo Paulo, Brazil). Thiamin
hydrochloride (vitamin B;) SYNTH, was purchased from
Labcenter Ltd. (Campinas, Sdo Paulo, Brazil). Flavering
agents from various natures and procedures were also tried.
The packaging material used was bioriented polypropylene
(BOPP) acquired in the local market (Campinas, Sio
Paulo, Brazil) with a thickness of 0.05 mm containing 50 g
of the developed formulations which was stored at
environment temperature.

Methods/procedures Many ingredient combinations
were tested before reaching the final formulation, which
was supported from sensorial tests with 30 elderly panel
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Fig. 1. Experimental design for the shelf life study (stability)
for the 2 products developed.

members (260 years) to reach the highest acceptance
among 6 different flavors of the formulations. The quantities
supplemented were based on Dietary Reference Intakes
(DRIs) for the age range under study and according to
nufritional deficiencies encountered in this age group (13-
17), respecting the maximum tolerance level for each
nutrient.

Sensorial evaluation for selecting the products The
following attributes were evaluated by 30 elderly consumers
(70% women and 30% men) before decision of the final
composition was reached.

Acceptance test were performed by using a structured
hedonic scale of 9-points, in which, 9=liked very much;
1=disliked very much (18,19).

Ideal sweetness was evaluated by utilizing a 9-point scale
based on the following extreme values (—4=extremely less
sweet than the ideal; 4=extremely more sweet than the
ideal).

Intention of buying: A 5-points scale was used in which
1=certainly not buy; 2=probably would buy; 3=have
doubt about buying or not; 4=probably would buy; 5=
certainly would buy.

Shelf life The experimental design for the shelf life study
of the 2 chosen formulas by the elderly panel is illustrated
in Fig. 1.

Chemical analysis Humidity, ash, and protein were
determined by the AOAC procedures (20). Total lipids
were determined by the Bligh and Dyer method (21).

Minerals and vitamins The minerals, calcium, magnesium,
zine, and selenium were analyzed by the methods of Slavin
et al. (22) and Olson et af. (23). The vitamins were
analyzed by the following methods: the AOAC procedures
(24) for vitamin B, and By, the method of Lima et al. (25)
for folic acid, the method of Manz and Philipp (26) for
vitamin A, the method of Brubacher ef a/. {27) for vitamin
E and the method of Arakawa et al. (28) for vitamin C.
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Moisture content and water activity (Aw) determination
The AOAC procedure (20) was used to determine the
moisture content. Determinations were done at zero time
(T) and after 30 days (Ts) of storage at room temperature
(ca.27°C) and at 35+1°C, in the sample without flavoring
and the one added chocolate flavor. For water activity
measurement a portable pa,, kit (model 950 NE; Decagon
Devices Inc., Aqualab, Pullman, WA, USA) was used.
Determinations were done in duplicate at Ty and Tsp, For
calibration of the equipment saturated MgCl, and lithium
solutions (Aw 0.1-0.4) and K,SO, (Aw 0.975) were used.

Determination of adsorption isotherms The adsorption
isotherms were determined by measuring the Aw with a
portable Decagon pa,, kit (model 950 NE) and the moisture
gain of the products, according to Teixeira Neto and Jardim (29).

Package permeability The water vapor permeability
ratio (g water/m’ - day) was determined by a methodology
similar to that of the American Society for Testing and
Materials (ASTM) described in terms of 2 parameters: a
diffusion constant (D) and solubility coefficient (S)
according to Fujita (30) and Crank (31).

Instrumental color determination Changes in color
were determined in the system CIElab with the colorimeter
Color Eye 2020 with the software COMCOR 1500 Plus
(Macbeth, New Windsor, NY, USA). Readings were done
directly from capsules containing the sample, under the
conditions: observation at 10°, iluminant D65 and configuration
DREOL, obtaining the values L* (luminosity), +a* (red),
—a* (green), and +b* (yellow), according to Ferreira (32).

Sensory evaluation The samples without flavoring and
chocolate flavor were the formulations with highest
acceptance by sensorial evaluation done by elderly.
Acceptance tests with these formulations were performed
at different times {(days) of the shelf life study (T, T;s, and
Tsg) with 30 adult panel members. The samples {powder)
stored at room temperature {ca.27°C}) and at 35°C were
dispersed in milk, served in plastic cups of 50mL in a
temperature controlled room and analyzed in relation to
appearance, aroma, taste, and global impression; by using
a structured hedonic scale of 9-points (9=liked very much;
1=disliked very much). Buying intention was also evaluated
(19) by the scale already described.

Statistical analysis All the results were analyzed by
analysis of variance and differences among means by the
Tukey’s test (33). The software used was ‘Statistica-Basic
Statistics and Tables’ (StatSoft, Tulsa, OK, USA} and the
SAS statistical program.

Results and Discussion

Centesimal composition The centesimal composition of
the 2 formulas preferred by the panel in this study is shown
in Table 1. The main component of the formula is the
carbohydrate, composed of sucrose, maltodextrin, and
inulin reaching 79.8% of the composition. The second
major component is protein {ca.13%), a mixture of 60%
WPI and 40% bovine collagen hydrolysate.
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Nutritional compesition The basic nutritional composition
of the 2 products is shown in Table 2, which also shows the
formula contribution of the various nutrients, as a
percentage of the Daily Recommended Intakes. It is
recommended the dose to be dispersed in 200 mL of liquid
which could be water, fruit juice, or milk. The panel
preference was for milk as the diluting fluid and chocolate
or instant coffee as flavoring,

Moisture content and water activity The contents of
water and water activities of the formulations with and
without chocolate at the beginning (Ty) and after 30 days
of storage at room temperature (ca.27°C) and at 35°C, are
shown in Table 3.

The data of Table 3 indicate a significant increase in
humidity by comparing the values at T with T3 (room
temperature) whereas when the comparisons are made
between the storage at room temperature and at 35°C, both
samples lost humidity at the end of 30 days of storage. The
moisture content fluctuations in the samples reflected the

Table 1. Centesimal composition of the product without
flavoring and with chocolate flavor

Products
Component (%)
No flavor added Chocolate flaveor
Protein %NxF'! 12.7+0.32 12.8+£0.02°
Total lipids 0.00 0.00
Ashes 24+0.01° 2.540.02°
Moisture 5.1£0.03° 4.9+0.03°
Carbohydrate™ 79.8 79.8

DF=6.05 (mixture of 60% WPI: 40% BCH).

DEstimated by difference [100—(protein+total lipids+ash+moisture)).
Results are means of 3 determinations+SEM. Different superscript
letters (lines) indicate statistical differences (Tukey’s test, p<0.05).

Table 2. Nutritional composition of the products (g/dose of 200
mL and % of the DRIs)"

Nutrients quantity  g/dose (200 mL) % DRIs/dose
Protein (g) 15 14
Carbohydrate (g) 40.7 ~30
Prebiotic
Inulin (g) 4 -
FOS (g) 2 -
Vitamins
B (mg) 0.2 17
Be (mg) 0.7 43
B (ug) 12 50
C (mg) 60.0 73
A (ug) 450.0 56
E (mg) 15.0 100
Folic acid (ug) 1333 33
Minerals
Ca(mg) 400.0 33
Mg (mg) 140.0 38
Zn (mg) 55 58
Se (ng) 18.3 33

USource: DRI (1997); DRI (1998); DRI (2000); DRI (2002).
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corresponding variations in the Aw values.

Adsorption isotherms The equilibrium moisture content
(on dry basis) was determined for each value of water
activity for both formulations.

The experimental values of equilibrium moisture (% d.b.)
were plotted against water activity. The adsorption isotherms
for the formulations without flavoring and with chocolate
flavor are represented in Fig. 2.

According to Brunauer ef af. (34) the curves are similar
to isotherms of type II. A sigmoid configuration is typical
of isotherms type II which is commonly found for the
majority of foods (35). By the use of desiccators and
saturated saline solutions, the critical points of moisture
and Aw limits were determined for both products at
26.8+1°C. Agglomeration/stoning, change in color, and
microorganisms development were visually inspected.

Beginning of agglomeration occurred at Aw of 0.65 for
both formulations, which did not occurred at Aw of 0.43.
Slight color alteration was observed for the chocolate
formula at 0.43 Aw and this change was accentuated for
both products above 0.65 Aw.

Color instrumental analysis The luminosity (L*) and the
chromaticity coordinates (a* and b*) remained practically
constant during the whole period of storage, for the
formulation with no flavoring. Similarly, the formula with
chocolate flavor did not change significantly the value L*,

Table 3. Humidity and water activity at T, and after 30 days
(T3) under room temperature and 35°C

Storage conditions Formulations
and time No flavor added  Chocolate flavored

Humidity"

Ty (initial) 5.09+0.03% 4.86+0.03%°

T3 (room temp.) 5.78+0.111 5.71+0.40"

Ts (35°C) 4.73£0.05%° 4.87+0.03%
Water activity”

Ty (initial) 0.28 0.29

Tso (room temp.) 0.42 0.39

Ts (35°C) 0.28 030

"Means of 3 determinations+SEM. Different capital letters (columns)
or small letters (lines) indicate statistical differences (Tukey’s test,
<0.05).
2&46@5 of only 2 determinations.
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Fig. 2. Adsorption isotherms for the formulations without

flavor (@) and with chocolate flavor () at room temperature
(ca.27°C).
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Table 4. Values of L* (luminosity), a*, and b* (chromaticity coordinates), and AE (difference with a standard measured at T,) for
the formulations without flavor (A) and with chocolate flavor (B) at room temperature (ca.27°C)”

L* a¥* b¥* AE
Aw
A B A B A B A B

0.22 85.5 65.1 -0.5 45 57 8.7 14.10 14.54
0.33 85.5 64.2 -0.5 5.1 11.1 9.5 1442 1535
0.43 87.3 64.3 -0.7 4.4 7.0 8.7 11.86 1539
0.65 84.2 59.1 0.2 5.4 10.1 10.1 15.80 20.67
0.75 79.4 51.9 0.4 5.7 13.0 10.5 21.78 2795
0.90 50.8 219 6.1 5.3 20.6 57 52.87 54.41
1.00 49.0 20.8 7.1 4.1 20.4 33 54.64 55.41

YMeans of 2 determinations.

Table 5. Average acceptance for aroma, taste, appearance, and global impression of the sensory evaluation at Ty, Tys, and T;p for

the formulations without flaver and with chocolate flaver”

Average acceptance without flavor

Average acceptance chocolate flavor

Attributes
Ty Tis Ts Ty Tis T3
Aroma 5.76%° 571 6.24%° 6.88% 6.71% 6.79%
Taste 57944 541 5713 6.27% 6.5052 6.76%
Appearance 6.79 6.59% 6.94% 6.70% 6.824 6.824%
Global Tmpression 6.035 597 6.124° 6.45% 6.79"2 6.76™

DDifferent capital letters (lines) compare the sample without flavor or chocolate flavor as a function of the time (Tukey’s test, p<0.05). Different
small letters (lines) compare each attribute between the 2 samples {without flavor or chocolate flavor) at the same time (Tukey’s test, p<0.05).

a*, and b* during the 30 days of storage under both room
temperature and 35°C. A small decrease in the red color
(a*) and in the yellow (b*) was observed during the storage
period. However the values AE (difference with a standard
measured at Ty) exhibited a greater change in the chocolate
formula, compared with the one with no flavoring added.

A very significant change in color (AE) occurred in both
samples at Aw above 0.75, as shown in Table 4.

Sensory evaluation The results of the sensory evaluation
of the non flavored and chocolate flavored samples for
aroma, taste, appearance, and global impression at Ty, Tis,
and Tj did not show significant change. The averages
acceptance values in the 9-points scale are shown in Table
5 for the product without flavering and chocolate flavored.
The acceptance tests of the 2 products selected by the
elderly panel showed a preference for the chocolate flavor
(score 6.60) followed by the product without added flavor.
The preferred material to use as diluent was the non-fat
milk as compared to water or fruit juice. The acceptance of
the products remained unchanged for the whole period of
storage.

Package permeability The permeability of the BOPP
film was estimated by the moisture change obtained through
the average angular coefficient of the straight line (Fig. 3
A, B), dividing by the exposed area of the package. The
calculated value was 1.0128 ¢ H,O/m?- day- 58% RU - 27°C.

For flexible plastic packaging material the moisture
change will depend on the type of material used, regarding
to type of resin, thickness, temperature, and relative humidity
of the storage environment (36).

08
—_ A ¥ =0.0231x- 0.0258
Dos |
<
Sooaf
[0
S
32
@
[¢]
= 0 ¢ T T T T T T
5 10 15 20 25 3G 3
0,2
0.8
NS B y =0.0243x+0.0113
c 06 b
S
® 04 L
—
=
v ezt
O
=
o . .

10 is 20

Time (day)

25 30 35

Fig. 3. Values of the weight gain (g) vs. time (day) for the
formulations without flaver (A) and with chocolate flaver (B)
evaluated during 30 days for the shelf life estimate.

Shelf life estimation The shelf life can be estimated by
the use of mathematical model, as described by Azanha
and Faria (12). However, in the present work the weight
gain of the packed product in a period of 30 days was
determined. The plot of moisture gain (g) vs. time (day) are
shown in Fig. 3 (A, B) representing the linear regression
equation for the product without flavoring and with
chocolate flavor added, respectively.
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Based on the study of the isotherms of the products, the
values of initial and critical moisture were determined for
the 2 products, which were 2.1 and 2.2%(w/w) for the non-
flavored and chocolate flavored product, respectively. It
was observed that the critical moisture (5.1%, w/w) was
the same for both products. The moisture variation (U) was
estimated by subtracting the initial moisture (Ui) from the
critical moisture (Uc). The U value estimated for the
product without flavoring was 3 g/100 g sample and 2.9 g/
100 g for the chocolate flavored sample. Using these values
and the linear regression equations for A (y=0.02331x-
0.0258) and B (y=0.0243x+0.0113), where y= variation of
U, and x=time (day), the shelf life for both products was
estimated. Shelf life at room temperature was 131 days
(ca.4.4 month) for the product without flavoring and 119
days (ca.4 month) for the chocolate flavored product.

It is concluded that a more protective packaging material
should be used in order to increase shelf life of the
products.

Vitamin analysis Determination of vitamins By, C, A, and
E was performed in both products at Ty, Tys, and Tsp. A
substantial loss of these vitamins was registered in both
products, under the 2 conditions of storage. Considering
the total period (Ty-Ty) the vitamin losses in the non
flavored product ranged from 0 to 24.7% at 35°C and from
26 to 56% at room temperature (ca.27°C) for the chocolate
flavored product, from 8 to 63% at room temperature and
from 7 to 45% at 35+1°C.

Curiously, in both products the vitamin losses were higher
at room temperature (ca.27°C) than at 35°C, probably due
to the environment temperature fluctuations (21-29°C).

Considering the substantial losses of vitamins in a
relatively short period of time, it is recommended a
packaging material more appropriate in terms of barrier to
light, oxygen, and water vapor (37).
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