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{54) Title: CALCIUM COMPLEXES FOR FORTIFICATION OF FOODS

(57) Abstract

A novel caicium complex for the fortification of beverages and foods, especiaily milk, is disclosed. Fortifying compiexes are
comprised of a calcium source and a negatively—charged emulsifier with or without an organic or inorganic acid or a sait thereof. These
complexes have been found to be particularly effective in fortifying milk and milk—protein containing beverages without coagulation of the

proteins or without significantly changing the texture of the product.
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CALCIUM COMPLEXES FCOR FORTIFICATION OF FQODS

FIELD OF INVENTION

The oresent invention relates to the fortificacion of foods

and beverages, particu arly cthose containing milk proteins,

with calcium.
BACKXGROUND OF THE INVENTION

Milk is an important source of dietary calcium. Calcium,
~he most abundant mireral in body, i1s a majcr constituent
of bone and testh. This mineral also plays an important
rcle in several physioclegical systems. Calcium is importants
for healthy bone and tooth development in the young and
therefore an adeguate intake is essential. Calcium status
may also be a factor in the development of osteoporosis in
elderly pecple.

Since the body does not produce minerals, it is totally
dependent on an ‘external supply of calcium, nutritional or
supplementcary. The importance of adeguate calcium intake 1s
receognized during the whole l1ife ¢f the human being. In
1594, the NIH Consensus Development Panel revised
recommended daily allowances for calcium intake for each

age group from 800-1200 mg per day to 1500 mg per day.

It has been suggested that calcium 1in asseocliation with
caselins may improve absorption in the gastrointestinal
tract. Also it has been found that organic acids salts of
calcium are more biocavailable in general than the inorganic
salts. Calcium citrate has advantages over other calcium
salts for use in fortified foods because of high
bicavailability. For example, calcium citrate, as cpposed
to calcium in general, has only a marginal effect of

interfering with the absorption of other minerals,
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pecizlly iron. Alsc, long-term calcium supplementation

with calcium cicratse can reducs fLhe risk of formacion of

ney and urinary stonss since citrate ilons are innibitors

X
f:
&)

or crystallization c¢f stone-forming calcium

g

ddition cf calcium to beverages,

especially milk, can be
very difficulc. If slightly or completely inseoluble sources
of calcium are used, precipitcation of the salts can coccur
especially if stabilizers ars not used. If highly soluble
sources of calcium (calcium chleoride, etc.) ars used,
interacion betwesen the calcium and calcium sensicivs
ingredients, such as milk protein, can occur. These

interactions can lead to cocagulation cf the ingredients
during temperature treatment even at pasteurization
temperature.

In addition, the pH o©of some calcium salt

systems may not be compatible with other ingredients or

affects the flavor.

US patent 4,701,325 and 4,851,243 disclose the use of

tribasic calcium phesphate, carrageenan, and guar in

calcium- and phosphorous-enriched milk. In this system,the
use c¢f stabilizing gums 1s necessary to prevent
sedimentation ¢f the inscluble calcium salt,

increases the thickness of the milk.

which also

US patent ¢,840,814 involves a process for preparing
calcium enriched milk in which the milk is heat-tresated
prior to scoluble calcium salt addition. This requires
additional processing, and could also effect the quality of
the milk.

In addition, this methcd is limited to allowing

only up to a 30 mg % increase in the calcium.

A series of patents such as US 4,722,847, and. 4,915,963

(and many subsequent patents), disclose the use cof calcium

citrate-malate complexes for the fortification of

beverages, beverage concentrateas, Thes2

and as supplements.




L

10

30

WO 99/2389¢6 PCT/EP98/06456

1
[Pe]
t

systems are stable when the pH is kept below pkE 5. For a
number ¢f beverages this pH would result in acidic flavors
and instabilitcy of proteins, especially milk pr
problem is also encountered in US patents 4,871

oteins. This
5,500,232.

EP 07050233 discleses preparation of calcium-supplemented
milk drinks through the use of minerals extractad from
whey. Although this creates products with good flavor and
stability the level of supplementaticn is limited to
40mg% .

SUMMARY OF THE INVENTION

We have developed a complex comprising a calcium socurce and
a negatively-charged emulsifier with or without an organic
or inorganic acid oxr a salt thereof, which may be used to
forcify beverages and foods, with improved palatability

ithout affecting product quality.

Acceording to the present inventicn, there is provided a
complex formed by the interaction of a suitable calcium
source, a negatively charged emulsifier with or without an

organic or inorganic acid or a salt therscof.

The complexes work particularly well in systems that

contain calcium-sensitive components, such as proteins.

DETAILED DESCRIPTION OF THE INVENTION

The calcium sourcé that is primarily used to create this
complex can inclilude calcium hydroxide, calcium carbonate,
calcium chloride, calcium phosphate, calcium sulfate,
calcium nitrate, calcium lactate, calcium fumarace, calcium

citrate, calcium acetats, calcium glycercphosphate or
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calcium oxide but is preferably calcium hvdroxide. The use
cf an alkzline source, such a&s czalcium hydroxide,
advantagsously neutralises the pH ¢f the complax. If a non-
alkaline calcium source is used, then an alkaline agent
must pe added to neutralize tha pH of the complex, of which
any food grade alkaline agent can be utilized.
The negatively-charged emulsifisrs that can be used to form
the complex include but are net limited to citric acid
esters cf monoglycerides CITREM, (Danisco Ingrsdients,
Inc., New century, KS), stearoyl lactvlate (sodi
um, or acid), enzvme modified lecithin, stea ryl
igrate, fatty acids and their salts, or diacetyl tartaric
esters of monoglycerides. CITREM is mos: preferred.
The emulsifiers used are not limited to those of a single
acyl or fatty acid component, such as on a specific carbon

chain length or degree of unsaturation.

The emulsifier used is preferably hydrated, making the
emulsifier more dispersable, and allowing easier exchange
with cations. This can be accomplished by various means
dependent on the type of emulsifier used, and ars commonly
known to those familiar with the art. For example, a commen
method of hydration is by heating a slurry of emulsifier
and water to above 70°C for a period of time (generally
more than 10 min.) . Once hydraced, the emulsifier

dispersion 1s cooled to near room Lemperature.,

Any one of a number of acids can be used such as citric,
lactic, malic, fumarate, gluconic, succinic, tartaric, or
ascorbic, or inorganic acids such as phosphoric. Salts of
these acids that can be utilized include potassium, sodium,
or calcium salts of the aforementioned acids. For this

invention, the most preferred acid i1s citric acid.
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sent. Simple mixing cf the components 1s suificient to

H

orm the ccmplex. When an acid is not used in the complex,
he weight ratioc of calcium (from the calcium scurce) to

U} fT h

urfactant should range from 1:10 to 10:1, and preferably

th

cm 2:1 o 1:2. Wnen an acild is used in the complex, th

b
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r
welght ratio ¢f acid to calcium should ranges from 5:1 ¢

)

=

1:3, and preferably from 2:1 to 1:2, while the weight ratio

{

1

cf calcium to surfactant can range from 100:1 to 1:5. The
components are preferably dissclved in water to facilitac
mixing ancd complex formaticon. The concentration ¢f the
soluticns is preferably 1-3% by weight or grezter. The
person of ordinmary skill in the art can readily determine

convenlent amounts to use for any particular application

The ccomplex may conveniently be formed by the interaction
of a suitakble calcium source, a negatively charged
emulsifier, with or without an organic or inorganic acid or
a salt thereof. For example, the complex may be preparsd by
adding acid or a salt of an acid to the emulsifier with

mixing, and then adding the calcium source.

When an alkaline calcium source such as calcium hydroxide
is added, the pH of the system is neutralized. Alcernately,
a non-alkaline calcium scurce can be added, followed by the
neutralization with alkaline agent. Any food grade alkaline
agent may be used for neutralisation including but not
limited to sodium hydroxide, potassium hydroxide, magnssium
hydroxide, sodium carbonate, sodium bicarbonate, potassium
carbonate and potassium bicarbonate.

The present invention alsc provides a fortified foodstuff

with a fortifying amount of a complex comprising calcium

‘i
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and a nagatively-charged emulsifier with or without an
organic or inorganic acid or a salt thersof.

The foodstuff may be a dairy based product such as a milk
peverage, a liguid nutritional product or other beverags
such as a juice, or a confectionary product such as ice

creaam,

The fortified foodstuff comprising a fertifving amount of a
complex may be preparad by forming a complex and adding the
complex teo the foodstuff. The foodstuff can then be heat
crszated by normal means without any loss in quality such as
precipitaticn, coagulation, or fouling of processing
equipment. The resulrting fortifisd fcodstuff is similar to
its unfortified counterpart in organocleptic gquality. It has
a similar colour and taste, without major changes to the

texture, viscosity or mouthfeel of the foodstuff.

The amount of complex to add to the foodstuff is not
critical and is dependent upen the calcium content of the
complex and the desired level of fortificaticn. Typicallvy,
encugh ¢f the complex would be added to fortify the
focodstuff from S% to 200% of the racommended daily
allowance for calcium, although even greater amounts are
possible, if desired.

Advantagecusly, a stabiliser may be added to the foodstuff
preferably before the complex is added to the fcodstuff.
The stabiliser may be added to the foodstuff in the form of
an agueous solution oOr suspensicn o©r as a dry powder.
Stabilisers that may be used may include but are not
limited to carrageenan, xanthan, gellan, pectin, alginates,

gumarabic, carboxymethylcellulose, medified and unmodifie

[OR

starches, propylene glycol alginate, locust bean gum, guar
gum, hydroxylpropyl cellulose, hydroxyprepylmethyl

cellulose, methyl cellulose or mixtures of two or more
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The following example is intended to demonstrzazte that a
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for forrvification of milk were praspared according
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te the following formulations:
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Samp | Emulsit [imount Ecid Amount | Calcium JAmounc )
le ier \ Source h i
1 SSL {2.52 g | Citric {1.15 g %Calcium 0.84 g
| | hydroxide |
2 CSL 5.25 g |Cizric |1.58 g |Does not |
apply !
3 !SSL [2 52 g Citric (1.1% g | Calcium 3.47 g
' ! lactate 1
4 SEL 3.02 g Cicric 11.42 g |{Calcium 0.84 g
! hydroxide
5 CITREM 2.87 g Citric {1.19 g | Calzcium 0.84 g
hydroxide
6 CITREM 2.97 Citric |[1.19 Calcium 0.50
] hydroxide
SSL= Sodium stearcyl-2-lactylate, CSL=calcium stezroyl-2-
lactylate

Emulsifier was mixed with 50 ml water, the dispersion was
heated to 15C°F, and then cooled to 10C0°F. For samples 1-3,
a solution of the acid in 10 ml water was then added to the
nydrated emulsifier with vigorous mixing. For samples 4 and
5, the acid was added directly to the hydrated emulsifier
with vigorous stirring. When applicable, a dispersiocn of
the calcium source in 19 ml water was then added to the
emulsifier-acid suspension with vigorous stirring. 6.69
nen-fat dry milk was added to 700ml of skim milk under
agitation. The resulting complex was added with vigorous
stirring to sufficient skim milk (at 120°F) tco bring the
final volume of calcium fortified milk to 750mL. The pH of
the milk was adjusted to 7.0 using a 30% sodium hydroxide
needed. Thé milk was then homogenized at a total pressure
of 2500/500 psi using a twe-stage APV Rannie® Homegenizer.
The fortified milk was filled into 12% wml babv food jars,

SUBSTITUTE SHEET (RULE 26)
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pasteurized at 163°F for 15 sec, cocled rapidly in a ice

water bath, then stored in a refrigerator.

Samples were evaluated for sedimentation and taste after 1

week and for sedimentation after 2 weeks.

Results:

Sam- 0 weekz 1 week 2 weeks

ple

1 no sed gl.sed, sl.Emul flavor some sed

2 no sed Sl.sed, ga flavor $1l.sed

3 no sed Sl.sed, sl.Emul* flaverx scme sed

4 no sed no sed, gd flavor some sed, gd flavor
5 no sed no sed, gd flavor no sed, gd flavor

[ no sed no sed, gd flaver no sed, gd flavor
Example 2

1)A slurry of 430 g CITREM® was mixed with 15 kg water at
room temperature for §0 min. The suspension was heated to
165°F and held at that temperature for 10 min with
agitation, then cocled to 90°F (suspension #1). A goluticn
of 544.5 g citric acid in 6.1 kg water was prepared by
mixing at room temperature (solution #2). A calcium
hydroxide suspension was prepared by mixing 333.0 g calcium
hydroxide in 5,000 g water at room temperature (suspensiocn
#3) . Solution #2 was added to suspension #1 and mix well

for 60 min. Suspension #3 was then added and the resulting
suspension was mixed for 60 min.

ii) To 1okg skim milk at 40-60°F, 45.0 g carrageenan
{(SeaKem CM611,FMC Corporation, Philadelphia, PA) was added
with mixing for 5 min. The milk was then heated to 165°F
and held at 165°F for 5 min under agitation.

SUBSTITUTE SHEET (RULE 26)
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iii) To 26Ckg g skim milk, 250£.0g non-fat drv milk
(NFDM) was added at 40-60°F and the milk was mixed for 10
min. The milk was then heated tc 120°F, and the
carragesnan/milk mixture (ii1) was added slowly and the
resulting milk was mixed for 5 min. The milk was heated to

143%°F and held fcor 5 min. The milk was cocoled to S0°F and

.
v

®
0

alcium complex was added slowly. The resultcing calcium

tt
Q
iR
rf
o
(1

ied milk was mixed for 10 min and 22.5 ¢ cream/milk
flavor was added. The pE cf the milk was adjustsd with 10%
tas

sium hydroxide soluticn to §.9-7.0. The solids content

iv)Samples werzs then heat treated under the following

conditions.

Pateurization:

The calcium fortified milk was homogenized at 120°F and
pressurs 25000/500psi. The milk was then pasteurized at
163°F for 15 sec. and filled into 330mL glass bottles. The
btottles of milk were then cooled in cold water and stored
under refrigeration atc 40°F.

UHT-pasteurization, plate heat exchanger (PHE):

Calcium fortified milk was pre-heated to 160°F, then heated
tco 285°F and held at 285°F for 5 sec, and cocled to 160°F.
The milk was then homeocgenized at pressure 2500/500 psi.,
cooled to 60°F and filled in 250mL Tetra Brik Aseptic
packages (Tetra Pak Inc., Chicago).

UHT-pasteurization steam injecticen (SI):

Calcium fortified milk was pre-heated to 175°F, then heated
to 285°F by steam injection, held at 285°F for S sec, and
cooled to 175°F. The milk was homogenised at pressures
2500/500 psi, cooled to 60°F and filled in 250mL Tetra Brik
Aseptic packages (Tetra Pak Inc., Chicago).
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UHT-sterilization (PEE):

Calcium fortified milk was pre-heated to 1£C°F,
£O 2%8°F by gplate heat exchnangers and held at 258°F for 3
sec, and cooled to 150°F. The milk was homogeniss=d at

pressure 25C0/500 psi, cooled to 60°F and filled in 250mL

-]
[

tra Brik Aseptic packages (Tetra Pak Inc., Chicago).

UHT-sterilization (SI):

Calcium fortified milk was praz-heated tc 175°F, rthen heated
Lo 2%8°F by steam injection, held at 298°F for Ssec, and
cocled to 175°F. The milk was homogenised at pressure
2500/500 psi, cocled to E0°F and filled in 250mL Tetra Brik

Aseptic packages (Tetra Pak Inc., Chicago).

The results are given in the feollowing table:
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Example 3

To 25 kg water at 185°F, 720 g CITREM were added and mixed

for © min., then cooled to 110°F. Wnile under agitation 871

3 g citric acid were added, and the suspension was mixed for 5
min. 533 g calcium hydroxide was added under agitation and
the complex was mixed for 60 minm. Steps 11, 1ii and iv from
Example 2 were followed.

10 The results are given in the following Table
r_Descri— 1Age’5tcrage Centrifuge Calcium1 Boiling Observ.\ Senscry
ption wk Temp | Sediment Level~* test Evalu.
(°F) pom L
Calcium Q 40 0.07 2041 No No pot \Gd flav.
hydroxide floc. L
citric 2 40 0.04 N/A No No ppt (Gd fiav.
acid, flcc.
CITREM, 4 40 0.04 N/A No No ppt (G4 flav.
UHT £loc.
pasceu- 6 40 0.04 N/A No No ppt icd flav.
rized flec,
{51} | 40 0.02 2048 Na No opc |Gd flav.
flac. |
10 | 40 0.04 N/A No No pot |Gd flav. |
] | flec. |
gd flav. : good flavour

[=)

* % sediment was determined from sediment weight after
15 centrifugation al 1800g feor S wmin and drying of
resulting pellet at room temperature cvernight

** Total calcium content was determined using & Leeman
Labs, model PS 1 AES-ICP spectrometer after dry ashing
and as dissolving in nitric acid an water (1:1}

20 **+ TFlocculation was determined by visual inspection.
Milk was Dboiled 15 sec then placed immediately on the

convexed surface of a watch glass for inspection
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Octher samples from Example 3 performed very similarly o

samples with corresponding heat treacments from Example 2.
Example 4

This Example shows how fhe complex can be formed directly

-

in milk.

cep 1 from Example 2 was follcwed to prepare a calcium

cemplex. To 275 kg milk at 40-50°F, 45.0g SesakKem CM 611
enan was added with mixing. To the milk was addsd

2505.0 g NFDM, 22.5 g cream/milk flavor, the Ca-complex and
the resulting fortified milk was mixed for 5 min. The pH
was adijusted with 10% potassium hydroxide solution to
§.9~7.0. The solids content was checked. Step 1iv from
axample No 2 was then followed.

Samples from Example 4 performed very similarly £o samples

with corresponcding heat trzactments from Example 2.
Example S

To 800g water at 185°F, 24.0g CITREM was added and mixed
for 5 min, then cocled to <110°F. While under agitaticn,
2%.0g citcric acid was added and mixed for 3min. Calcium
nydroxide (17.77g) was added under agitation and resulting

complex was mixed for 60 min.

To 200g skim milk at 40-60°F, 1.3g SeaKem CM 611 )
carragesnan was added and the milk mixed for Smia. The milk
was then heated to 165°F and held at 165°F for S min under
agitation.

To 8.9%kg skim milk at 40-60°F, 83.5g NFDM was added and the
milk was mixed for 10 minutes. Milk was hsated to 120°9F an

the carrageenan/milk was added slowly and mixed for S

SUBSTITUTE SHEET ( rule 26)
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minutes, Milk was heated to 149°F, held at that Cemperature
for 5 min, chen cooled tc 90°F. The calcium complex was
added slowly, the milk was mixsd for 10 min, and 0.75g
cream/milk flavor was added. The pE was adjustsd with 10%
petassium hydrexide solution to 6.5%-7.0. The solids content
was checkad.

The calcium fortified milk was placed in 330ml Slass jars,
autoclaved for Smin at 230°F then ccoled to rocm

temperatuxe,

The autoclaved milk fortified with Ca-CITREM-citric acid
complex at a total calcium level of 21léQppm performed
similarly to the UET sterilized samples - sse Example 2,

UHT sterilization (SI).
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We Claim:
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2. A complex according te claim 1 whersin the calcium

scurce is calcium hydroxide, calcium carkonate,calcium

chloride, calcium phospnata, calcium sulfate, cal

rnitrate, calcium lactate, calcium fumarat
o

i
alcium acetate, calcium glvcerophesphate or

3. A complex according to claim 1 wherein the negatively-
charged emulgifier is a citric acid ester of
menoglycerides, stearovl lactvlate (sodium, calcium, oxr
acid), enzyme modified lecithin, stcearyl citrate, fatoy
acids and their salcs, or a diacetyl tartaric acid escers
of monoglycerides.

4. A complex according to claim 1 the emulsifisr is
hydrated.

5. A complex according to claim 1 wherein the acid is
citric, lactic, malic, fumaric, gluccnic, succinic,

tartaric, ascorbic, or phospheric or a salt thereof.

6. A complex according te claim 1 which is dried.

7. A process of preparing a complex claimed in claim 1
which comprises interacting a suitable calcium source, a

negatively charged emulsifier, with or without an organic

or inorganic acid or a salt thersof.
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preparing a ccmplex according to claim 7
adding acid or a salt of the acid to the
mix

ing, and then adding the calcium source.

$. A process according to claim 7 wheresin, when an alkaline

calecium source is added, the pHE of the system becomes

10. A procass according to claim 7 whersin when a non-
zlkaline calcium source is added, this 1s fcllowsd by

eunralizaticon with an alkaline agenc.

{
i

[ i

11, A feorcified foodstuff with a fercifying amount of a
complex comprising calcium and a negatively-charged
emulsifiar with or without an crganic or inorganic acid or

a salt thereof.

12. A fortified foodstuff according to claim 11 wherein the
u is a dairy based product, a liguid nutricional

prcduct, a beverage, or a confectionary product.

13. A for-ified foodscuff according to clalm 11 wherein the

foodscuff is 2 milk beverage, a juice or ics cream.

14. A process of preparing a fortified focdstuff ciaimed 1in
m 11 which comprises forming a complex and adding the
complex to the foodstuff.

po

0O w
(L
}J
o}
]

A process of preparing a fortified Zoodstuff accer
o

claim 14 wherein a stabiliser is add=sd to the i

P

ir

O
(o8
n
{1
©
I
L1

16. A process according to claim 15 wherein the stabiliser
is carrageenan, xanthan, gellan, pectin, alginates, gum
arabic, carboxymethylcellulose, modified and unmodified
starches,propvlene glycol alginats, locust bean gum,

gum, hydroxylpropvl celluleose, hvdroxypropylimethyl
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se, methyl cellulose or mixtures of two or more

{
-9

(i
]

17. A fortified foodstuff acceording to <laim 11 whersin the
complex is present in an amount sufficient to provide from
5% to 200% of the recommended daily allowance for calcium

in the focdstuff.

18. A process of preparing a fortifisd foodstuif according
to claim 14 whereain the complex is added in an amcunt
sufficient to provide from 5% to 200% of the rscommended

daily allowance for calcium in the foodstuff.
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