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Fowto Fortify Beverages

Wth Gi ¢

by Or. Gerhard Gerstner

Aong wth current devel opnents of
the overal functionad foods narket,
the use of minerals and especialy
cadciumsats is expected to exhibit
strong grovth rates. In contrary to
other functiond ingredents, cacium
is wdely known as being beneficia
for hunan health and there is no
need to explain its nutritiona ad
vantages to the custoner . Accordi ng
to Leatherhead International, future
trends include grow ng consuner
concern regarding osteoporosis and
bone health, leading to increased
sales of calciumsats. The con-
tinuous narket groath drives mneral
sdt suppliers to offer nat oy one
product but rather arange of dfferent
caciumsats and grand ations to be
able to ture themto industrial cus-
toners’ applications. This article
di scusses inportant nutritional,
technol ogical as well as econoncal
aspects of cal ciumin beverages wth
a focus on our conpany’ s products
Trical ciumGtrate, Gl ciumG uconate
and the new product devel opnent
Gl cium Lactate G uconate.

oti mzi ng cal ci umi nt ake

Gl ciumis a key nineral inthe hunan
body, necessary for nornal growth
and devel oprent of the skel eton as
vell as for teeth, nerve, nuscle and
enzyne functions. As the body’ s
cal cium absorption capabilities
reduce wth age, it is vita for the
ageing to have a sufficient cal cium
intake. G ciumrequirenents vary
throughout anindvidud’'s life ad for
df ferent popul ation groups. However,
itisgereadlyeidet that asigificat
proportion of the population in
Veéstern countries fails toachieve the
reconmended cal ci umi ntakes. Poor
detary habits are seen to be respon
sile for ths situation especidly if
consunption of fast food is domin-
aing the daily nenu

Various studies shoned that a sig
nficant proportion of the popd aion
goups fails to achieve the cal cium
intakes in western countries. Ths
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observation is seen as being one of
the nain factors causing osteo-
porosi s2. As a consequence, national
authorities al over the vorld have
recently reconsidered reconmend-
ations in order to take renedi al
neasur es agai nst cal ¢i umdefi ci ency
and accordingly, toreduce the risk of
osteoporosis. Inthis respect, the LB
Ntional Institute of Halth (NH has
increased the anounts of optinal
daily cal ciumintake and defined
specific values for each popul ation
group®. For exanpl e, cal ciumintake
shoul d be 1000 ny/ day for adults (25
65 years of age) and as much as
1500 ngy/ day for seniors (o der than
65 years) or lactating wonen.
Harnoni zation of Recomended
Ddly Allowances (RDY) is under
di scussi on a so on BJlevel right now
and in this context, the Sientific
Grmmittee on Food just recently
reconmended a hi gher RDA of 1000
ny vs. the existing level of 800 ng

cal ciumper day“.

There are several options to avoid
cal ciumdeficiency by increasing the
daily cdciumintake A bal anced di et
wth ca ci umrichfoods like mlk, dary
products and certain vegetabl es
(broccoli, Chinese cabbage, |eg-
unes) woul d be the best sol ution.
However, this would require a
profound change in dietary habits of
vestern society. A futhe possiblity
consi sts in taki ng cal ci umsuppl enent
products. A nore el egant option is
consuming “regu ar” food fortified wth
cal ciumas an added val ue product.

Conmon cal | um sour ces
far beverage fortification

Table 1 shows a typical range of
calciumfortified beverages which
have been seen in European and US
supernarkets recently. Racticdly
every type of beverage such as
nneral water, soy mlk, energy drirk,
nectar or juce does have a fortified
product line aready. Looking a the
ingedetslist, it iseidat thet there
isnot “the’ ca ciumsource but rather
arange o dfferent possihbilities used
conmerci al ly:

» inorganic salts like calcium
carbonate and cal ci um phosphat e
» agncsdtsliketricddundtrae
calcium lactate, calciumlactate
gl uconate and cal ci um gl uconat e.

The sdection of the appropriate sa't
for a specific goplication is usudly
based on the consideration of a
nuniber of properties associated wth
the respective product such as
sdudlity, calciumcontent, taste and
biocavalahlity. Econonic consider-
ations are another inportant factor.

W lity vs. cddum
cont ent

Wen fortifying beverages, sdublity,
dissol ution characteristics and
stadility o ingedetsinsduion ae
ana or issue. There are cal ciumsats
wth good sd Wb lity like cadciund u
conate, caciumlactate, and cal cium
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Table 1. Glciumfortified clear, cloudy as well

Gl ci um cont ent

Product s Cal ci um source added Serving size
() (ny 1)
1. Qear beverages
Sill mrerd vater Gl ci um carbonate / 500 300
choride / suphete
Near vater drink Tricdciumcitrate 500 240
Apdejucel Glciumlactate 125 800
Adejucell Gl ciumlactate gl uconate 250 1200
Tangerine orange drink Trical ciumcitrate 330 368
2. Qoudy beverages
Apricot nectar Glciumlactate 162 417
Tropica nectar Tricdciumcitrate 200 500
Sy mlk | Gl ci um car bonat e 250 1200
Sy mlk 11 Glciuncitrate, 500 1200
cal ci um car bonat e
Fut Juce Gl ciumlactate gl uconate 240 417
Ganberry juice Gl ciuml actate gl uconate 240 417
Gapefruit juce Tricdciuncitrate 240 1458
Qange/ tangerine juice Trical ci um phosphat e, 240 1458
calciumlactate
Qange juice | FutGl® 240 1458
Qange juice Il Tricdciumcitrate 414 276
Qange juce Il Gl ciumlactate gl uconate, 200 1600
tricdcdumdtrae
3. Instant beverages
Instat tea drink Gl ciumlactate gl uconate 100 1200
Bever age powder Gl ci um gl uconat e 113 ca 3550

lactate gluconate but their drawback
is a conparably | ow cal ci umcont ent
(Table 2). Gciumsdts wth a high
cal ciumcontent |ike cal ci um carbon
ate and cal ci um phosphate, on the
other hand, are poorly soluble and
for that reason not conmonly used in
bever ages.

Tricalciumcitrate d fers a good
conbi nati on: The commonly used
tetrahydrate form shows a high
caciumlevel (21 % and noderate
soubility (0.9 g/L). Subility is
strongy influenced by the pH of the
systemsince the so ubility of cdcium
salts typically increases wth
decreasing pH Tricalciumcitrate
shows inproved solubility at pH
values below 4.5 as found in nost
beverages. If calciumcontent is
referred to per beverage serving of
330 or 500 ni, 15 %of RDA (120 ngy
calcium can easily be reached wth
tricddumdtrae dso fa addc dear
beverages. Qontrary to other sats,
tricdcdumdtrae is better sdde a
| ow tenperatures which can be an
advantage for processi ng because it
can be dissol ved at | owtenperat ures
and shows low reactivity at high
tenperatures. To further increase the
soubility and ease of dispersion, ve
have devel oped a particularly fine
(nhcronized) tricaciumcitrae grade.
Wth this specia gandation of nin
0 %< 20 mcrons, it can be sus-
pended in cloudy beverages and

high concentrations of cacium(e.g.
1.5 g G/L) can be reached.
Accordingly, tricddundtrae ill is
seentobethe nainchoicefor fortified

orange or grape juice.

Gl ciumlactate is provided as a
pent ahydrate, contai ning 13 % of
calcium It shows good sol ubility
properties and is therefore nainly
used in clear beverages to achieve
the necessary levels for nutritiona
claing on cacium It is knom that
using calciumlactate in high con
centrations nay lead to adverse
effects in catan agicaions®s. Die
to the fact that wth higher sdubde
sats, nare free caciumions are in
solution and available for reaction
than with |ower soluble ones,
conplications in the foomof cal cium
sedi nents can develop with tine.
This is the case, when conponents
(eg free praein tartrate or phos-

Table 2.
in the food industry

Pr oduct G uility
a 2°C(gL

Gl ci umcar bonat e Insol ubl e

Gl ci umphosphat e Insol ubl e

Tricdciuncitrate 02

(4 HO

Glciumlactate 93

(5 HO

Glciumlactate 45 - 50

gl uconat e

@l ci umgl uconat e 35
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as instant beverages found in European and WS supernarkets

Nitritional cla mused
on the product | abel

Source of cal cium

Wth cal cium
Gl ci um enri ched
Wth cal ci um
Aus mneras

Wth cal cium

Added cal ci um
Wth cal ci um

Fortified wth ca cium
Fortified wth ca cium
RAus cal cium

As much cal ciumas mlk

As much cal ciumas mlk
Wth added cal ci um
Cal ci un+

Wth cal cium
Fast absorbi ng cal ci um

phate) that gve insdude sdts wth
caciumare present in the product.
Thus, dthough it is possible to add
for exanple nore cal ciumlactate
than tricdciuncitrate to beverages,
hi gher anounts of calciumin the
product night be difficut to achieve
wthout contro of pHand addition of
chel ating agents such as potassi um
citrate®s. In sone applications,
confoi nations of cal ciumlactate wth
other calciumsalts can a so have a
stailizng effedt.

Athough cal ci umgl uconat e d sd ays
a good solubility, it is not used
frequently in ready-to-drink bever-
ages, especially due to its low
calciumcontent (9 %. However, its
neutral taste properties, good
dissol ution speed at higher tenper-
atures and | ow water content nakes
especi a |y the anhydrous forma valid
cal cium source for instant prepar-

Inportant characteristics of common cal ci um sources used

Taste Gl ci um Gont ent

Soapy, lenony 40 %

Sandy, Had 17 - 38 %
Tat, dean 21 %
B and 13 %
Neutral 10 - 13 %
Nlld reurd 9 %
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ations such as fortified beverage
powders, enabling high cal cium
anounts per serving size.

Qonpared to the above, cal cium
lactate gluconate isthe nast sd ud e
salt showng very interesting prop-
eties: its sdudlity is nat betveen
the single conponents cal cium
| actate and cal ci umgl uconate as one
vou d expect, but it is synergisticdly
enhanced to approx. 400 g/L wvater.
This suns up to a ca ciumcontent of
45 to 50 g/L, depending on the ratio
of the mxtue. Wththis highcaciun
vdueinmnd it isnd suprisingtha
this salt is used vhen a high dis-
souion speed is reqired It is dso
especi a ly reconmended for forti-
fication of clear beverages. The
reason for this phenonenon of
extrenely high solubility is inter-
preted as the ability of mixtures of
lactate and gluconate ions to form
net ast abl e conpl exes wth cal ci um
ions in sdution wich gves vay for
addi tional benefits in beverages: Due
tobette stablity o beverages fartified
via caciumlactate gl uconate clear
beverages can be fortified wthout the
addition of chelating agents®. And
hi gher cal ci umconcentrati ons can be
reeched, evenin critica gppications
such as grape and cranberry juice,
tea beverages and al so concentrated
pre-blends. Gntai ning approx. 13 %
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calcium and 4 % water,
Gl ciumLactate G uconate can of fer
an inproved formulation conpared
to other calciumlactate g uconates
on the narket.

our own

FuitGl® is a patented mxture of
citric acid, nalic acid and cal cium
hydroxi de invented by Procter &
Gnle. This highly sol ubl e bl end,
adso caled caciuncitrae nalate is
currently used in beverages under
license e.g. for Tropicand s (Repsi @)
Rure Prenmiumcal ciumfortified jui ces
to reach RDA values of cal cium
conparabl e to ml k.

Tast e and nout hf eel

Generally, high levels of cacium
particularly insoluble forns like
carbonates and phosphates, tend to
produce a chal ky nout hfeel and nay
pronote astringency or bitter taste in
the finished product. Gl ciumlactate
nay inpart sone bitter or nilk-like
notes at hi gh concentrati ons. Gl cium
carbonate may conme across as
soapy or | enony. Gl ci umphosphat e
has abland flavor, but imperts agitty
nout hfeel . Negati ve effects of ca cium
on taste can be nasked wth chel ati ng
agents (e.g tripotassiumcitrate), ad
the use of stabilizers (e.g. cara
geenan) as vell as wth the addition
o flaoring. Tricdcduncitrae cd-

ciumlactate gl uconate and cal ci um
g uconate are considered to be the
nost neutra cal ciumsats, as nasking
agents are not real ly necessary.

Snce the particle size and sd Wb lity
are linked wth nouthfeel properties,
we have devel oped nicronized
grades for tricalciumcitrate com
bi ning excel l ent di spersion char-
acteristics wth anaurd teste prdfile
infird gpicaias.

Boavail i lity

Ay nutrient’s effectiveness depends
onits bicavaldility, which neans
how wel | the hunan body absorbs
ad uilizesit. Qnaverage, onl'y about
10 to 30 % of calciumis absorbed
froma nmixed diet by healthy adults’.
Sverd dffeet factarsinfluecethi s
level, anong which the type of salt
whi ch provides the cal cium

Qganic vs. inorganic sats

Various scientific stud es have shown
thet organic cal ciumsal ts outperform
i norgani ¢ cal ci um sources such as
cal ci um carbonate and cal ci um
phosphete wthregardtotheir rd ative
bicavailaility. Accordingly, the B
National Institute of Health
recomrmended cal ciumcitrate for
suppl enentation, especialy for d der
individua s where absorbability can
be a linmting factor due to reduced
gastric acid production®. Recently,
researchers a the Uhiversity of Texas
conducted a neta-analysis of
calcium bioavailability, which
evaluated studies on the bio-
availability of two of the nest conmon
forns of calcium suppl enents,
tricalcium citrate and calcium
carbonat e®. Qrer 90%of the studies
revi ened showed greater absorption
of cal ciumfromtricd ciuncitrate than
cal ciumcarbonate by an average of
2to0271 %

Smlaly, ca ci umphosphat e has al so
been described in scientific studes
to dsplay lover bicavailability then
tricaciumcitrate®. Absorption of
cdciumfromsoy mlk fortified wth
trical ci umphosphat e reached only 75
%of the efficiency of cd ci umfromcow
ml k. Furthernore, it is not con
sidered to be an appropriate
inged et for cdciunfortification due
to the undesi red cheracteristics of the
phosphate anion. Intake of phos-
phate is reported to exceed adult
R in practically 100 % of the
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popul ati ont. Therefore, further add -
tion of phosphate to food shoul d be
avoided in order to gain a higher
cal ci umto-phosphorus ratio, whichis
considered to be favorable for
sufficient cal ciumabsorption.

Influence of sdudlity on
boavaldility.

Rviewng the various bicavailadlity
studi es whi ch had been done on the
common organic salts listed in Table
1, it is concluded that they show
sinilar cal cium absorption®. This
hol ds true even though there are
signficant sdudlity dfferences of
oganic cdciumsdts in pan vaer.
Researchers agree that these
d fferences have no significat effect
on absorbability in acidic
environnent such as in gastric acid
in the hunan stonach as well as at
neutra condtionsintheinestine®%2,
Athough for exanple trical cium
citrate displays only noderate
solubility in water, it had been
assessed as having the sane
sdudlityinatifidd inetird juceas
the calciumlactate®. In a recent
reviewof caciunlactate gl uconate
absorptionXX it was concluded that
futher toits excdlent sdubility, it
showed a high bioavailability in
hunan studies (30 % and the nost
pronounced positive effect on bone
mneral density conpared to other
ca ciumsa ts.

Economic consi derati ons
vs. cal ci umcont ent

Athough inorganic caciumsalts are
nore econonic than organi c ones
due to their low price and high
calcium content, they are not
frequently used in beverages any-
nore. Gonparing the nainly used
organic sources on the other hand,
they are dl in the sane price range,
except for the premumnineral source
caciumlactate gluconate. For this
reason, their wde range of calcium
contents (9 to 21 % has a con-
siderabl e inpact on the raw nateria
cost when the price of cal ci umadded
is cacuaed for the product to be
fatified Anong the organic salts wth
high bicavailability and nore neutra
taste prfiles, tricdcumcitrae (21 %
calciun) clearly stands out as the
nost economic option for cal cium
addition ad is the nain choice for
cloudy beverages. Galciumlactate
has about the sane price but a | over

ca ciumcontent (13 %. Due to its
good sd ubility, it isagooddterreive
for clear beverages, if the desired
anount of cal ciumdoes not af fect
stability and taste of the beverage.
For those critical applications,
caciumlactate g uconate (available
wth up to 13 %cal cium) is vorth the
premum price to achieve high
fatifiction leds, eg indexr sdt
drinks or concentrated pre-blends.
Aoather possibility, having a cal cium
price betveenthe later sats, isuwsing
highly soluble and neutral tasting
cal ci umgl uconat e (9 %cal ci un), e g.
for instant beverage powders.

oncl usi on

Gonsuners increasingly prefer food
wth added nutritional val ue rather
than taking nutritional suppl enents
to fill up their calcium needs.
Beverages wth added cal ciumare
seen to be one of the best neans to
hel p fighting cal ciumdeficiency and
represent a valid nutritional source
for peopl e vho do not consune dairy
o other products high in caciumon
a regular basis. However, the
challenge for food & beverage
nanuf actures is to provi de a product
having high cal ciumcontent wth
good taste and appeal i ng properties.
Accordingly, Jungbunzl auer as one
of the lead ng producers of citrates
and g uconates is further increasing
its efforts to provide a wde range of
highly bioavailable organic cal cium
sources for nutritional purposes.
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