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Abstract

Nowadays agglomerated cocoa drink powder represemsry appealing beverage for children as well
as for adult customers. It is produced by mixingibangredients (cocoa powder, sugar, vitamin and
lecithin, which is followed by agglomeration. Aggleration is necessary, because non-agglomerated
cocoa powders exhibit very poor flow and reconstituproperties. This research showed the influence
of process conditions and composition of the cquoader mixtures on the physical properties of the
agglomerated final product. Eight mixtures werepganed, four containing cocoa powder with 10-12%
fat and four containing cocoa powder with 16-18% fehree different kinds of sugars (sucrose, glacos
and trehalose) and a sweetener (erythritol) werdeatito cocoa powder while preparing the mixture.
Agglomeration was conducted using STREA fluid bed agglomerator at a constant air temperatu
(60°C), with a constant addition of water solut#eithin (Metarit?) with varying duration of the process
and varying amount of added water. Bulk densitygéEsmann jolting volumeter), particle size (Malvern
Mastersizer 2000) and colour measurements (Minotibbrimeter; L = brightness, a = redness, b =
yellowness) were conducted prior to and post agglation, while agglomerate hardness was estimated
by conducting a compression test with a 30 mm pmbd&A.HDPIlus Texture Analyser. Percentage of
added water had a significant effect on colour,kbdensity and the duration of the agglomeration
process. This effect was more significant with uned made with cocoa powder containing 10-12% fat.
As for mixtures with 16-18% fat, a significant udghce of water addition on agglomerate median
diameter was found. Agglomeration time and the griage of added water showed dependence towards
the composition of the mixture. This research shibthat, in order to agglomerate powder mixtures
successfully, parameters such as mixture compaosiparticle size, percentage of added water and
lecithin, drying temperature, process duration ardbient conditions should be well coordinated and
controlled to get agglomerates with optimal quality
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Sazetak

Aglomerirani kakao napitci danas predstavljaju vrigopularno pée kod djece i kod odraslih
konzumenata. Takvi se napitci proizvode mijeSamgnovnih sastojaka (kakao praha¢d@e, vitamina i
lecitina) te nakon toga slijedi aglomeracija. Agleracija kakao mjeSavina je potrebna jer
neaglomerirane mjeSavine karakteriziraju izrazitwsd rekonstitucijska svojstva i svojstvaeti@a. U
ovom je istrazivanju prikazan utjecaj procesnih graetara i sastava kakao mjeSavina na fizikalna
svojstva aglomeriranog gotovog proizvoda. Pdgao je osam mjeSavinéetiri koje su sadrzavale kakao
prah sa 10 — 12% masticetiri koje su sadrzavale kakao prah sa 16-18% mastirazlicite vrste Séera
(saharoza, glukoza i trehaloza) te sladilo (erdfjtsu dodani kakao prahu tijekom pripreme mjeSavin
Aglomeracija je provedena pri konstantnoj tempetiatuaka (60°C), sa konstantnim dodatkom lecitina
topljivog u vodi (Metarifi) te sa promjenjivim vremenom trajanja procesa lidinom dodane vode.



Nasipna gustéa, velcina cestica i boja (L = sjaj, a = crvena boja, b = zubsja) izmjereni su prije i
poslije aglomeracije, dok jévrsta‘a aglomerata odrégena kompresijskim testom pofua30 mm sonde
na TA.HDPIus analizatoru teksture. Postotak dodemde pokazao je zriajan utjecaj na boju, nasipnu
gusta’u i vrijeme trajanja procesa aglomeracije. Utjeqastotka dodane vode bio je Zamije izrazen
kod mjeSavina izi@enih od kakao praha sa 10 — 12% masti. Kod mjesasan16 — 18% masti postotak
dodane vode z@ajno je utjecao na srednji promjéestica aglomerata. Vrijeme aglomeracije i postotak
dodane vode talfer su povezani sa sastavom mjeSavine. Ovo je igarge pokazalo da, ukoliko se
proces aglomeracije uspjesSno Zeli provesti, paraimeto Sto su sastav mjeSavine, vigla cestica,
postotak dodane vode i lecitina, temperatura swsengjanje procesa i uvjeti okoliSa moraju biti lnio
usklazeni i kontrolirani da bi se dobili aglomerati optaimih svojstava.
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INTRODUCTION

Cocoa is a very popular food flavor in the worldvaglays. It is available in a wide variety of colarsl
flavors and used in numerous applications. A gaaality cocoa powder is relatively free flowing, lsi@
and uniform in color and flavor, of good microbigical quality, and easy to handle by the u&bkr
Muijnck, 2005) Besides the above mentioned, a range of otheracteaistics define the powder, and
have and important impact on the end product incwithe cocoa is used. These are pH, fineness, fat
content, alkalinity, wettability, moisture absotj solubility and densitgde Muijnck, 2005)lt is a well
known fact that sole cocoa powders show poor reitatisn properties, such as dispersibility, wetiap

and solubility. This can be improved by adding otbemponents to the powder (e.g. sugars, vitamin
mixtures, milk powder) and instantizing the powddth the addition of lecithin. The third way to
improve dispersibility is to agglomerate cocoa, asugnd other particles. During this process, sugar
crystals are moistened with water or steam, (lewtied) cocoa and other solid particles adherbamtet
sugar crystals, and the agglomerated particlesliaee (Anonymous, 1999)/arious technigues can be
used to agglomerate cocoa beverage powders: stgghoneeration(Visotto et al, 2010)fluid bed
agglomeratior(Kowalska and Lenart, 2008)nd thermal agglomeratiqg@mobuwajo et al., 2000High
shear mixers can also be used for wet agglomeratiococoa powder beverag€gu et al., 2003).
Agglomeration improves reconstitution propertied ah is therefore important that the degree of
agglomeration and the compactness of the powderbeanontrolled during the production process
(Benkové and Bauman, 2009).

Method used in this research was fluid bed agglatiar, because of the possibility of fine dispemsid
Metarin solution and the ability to spray dry thggkbmerates immediately after the agglomeration
process. Fluid bed agglomeration can be classigedne-pot system, because the elementary steips of
process occur in the same chamber. Fluidizationbarikl mixing are provided by the upward air flow,
while fine droplets of liquid (solvent with or witkit a binder) are distributed by a nozzle positibne
above the fluidized beTurchiuli et al., 2005)In this research, Metaffnsolution was used as a binder,
since cocoa particles exhibit poor solubility dwe fats mostly positioned on the particle surface.
Agglomeration occurs when wet particles collideetixh other and a liquid bridge is formed between
them. When subsequent drying occurs, the solveapaates and a solid bridge arises due to the
solidification of the binder. If the wetting, caling and drying steps are repeated, fluidized gagigrow
through agglomeration with each ott§€urchiuli et al., 2005).

The objective of this work was to determine théuehce of process conditions and mixture compaositio
on the agglomerate properties of cocoa powder magtwith two different fat contents. Each mixture
also contained sugars and sweeteners with diffgxanticle sizes (from crystal to powder).



MATERIALS AND METHODS
Mixture formulation

The basic recipe for the mixtures was 30% (w/wratoa powder and 70% (w/w) sugar. Sugars were
added according to relative sweetness. Four migtwere made with cocoa powder containing 10-12%
fat and four were made with cocoa powder contaidig 8% fat. Composition of the mixtures is shown
in Table 1. All the components were mixed togetlera Turbula mixer (Willy A. Bachofen
Maschienenfabrik, Muttenz, Switzerland) for 15 mewito obtain a homogenous blend.

Table 1. Mixture composition (mass percentages of the com@ipts)

Sample Cocoa (%) Sugar (%)
1 30 Sucrose (70%)
2 30 Sucrose (60%) + Trehalose (10%)
3 30 Sucrose (35%) + Eritrythol (35%)
4 30 Sucrose (35%) + Glucose (35%)

Particle size

Particle size distribution was measured using ldg@action technique. All the samples were anatyz
on a Malvern 2000 particle size instrument equipp#tti Scirocco 2000 dry dispersion unit. Feed rate
and pressure were adjusted according to laser mignu at about 1 bar and 50% feed. Particle size
distributions were determined for the mixtures ¢@pef agglomeration) and for agglomerates (after
agglomeration).

Bulk density

Loose and tapped bulk density were measured ugwigray volumeter (STAV 2003, J. Engelsmann AG,
Ludwigshafen). The cocoa powder mixture was weiglipedired into a glass container, tapped 10 times
to obtain loose bulk density value and then tapp@dnore times to obtain tapped bulk density value
(Haugaard Sgrensen et al., 1978he volume of the powder in the column was recoraled loose and
tapped bulk densities were calculated. Hausneo ka#is then calculated by dividing loose bulk densit
value with tapped bulk density value. All the measuents were done in triplicate. Bulk densities and
Hausner ratios were determined for the mixtureselkas for the agglomerates.

Color

Colour of the samples was measured in a Minoltarguokter, using 6 cm diameter and 3.8 cm height
cells and a 0.5 in. diaphragm. Reflection specteaewegistered and colour parameters for 10 ° wisio
angle and D65 illuminant (L brightness, ‘a redness, b yellowness) were calculated. Measurements
were done in triplicate for the mixtures, as wslffar the agglomerates.

Agglomeration

Agglomeration of the mixtures was carried out usBIREA 1™ fluid bed agglomerator/spray drier/
coater (Gea Niro, Denmark) (Figure 1a). Mixtureseveoured into a chamber where they were fluidized



by upward hot air flow. Metarf) water soluble lecithin was mixed with water aqmaged over the
mixture in the fluidization chamber (Figure 1b) ilnthe final concentration of Metaffnin the end
product was 0.8% (w/w). If the amount of water atidéth Metarirf turned out to be insufficient to
agglomerate the mixture, more water was added,owitMetariff. Duration of the agglomeration
process was recorded for every mixture. After aggi@ation, agglomerates were spray dried (Figure 1c)
at a temperature of 60°C, left to cool down anteté$or physical properties.

Figure 1. STREA I fluidized bed agglomerator/spray dryer/coater
(http://www.niroinc.com/pharma_systems/laboratohyidi bed STREALl.asp)

Agglomerate hardness

Agglomerate hardness was estimated by a compredss&in using TA.HDPlus Texture Analyser
equipped with a 30 mm cylinder probe. Strips ofemiNe tape were cut to a length of approximately 15
mm and the sample was poured gently over the adhesile of the tape. After pouring the tape was
gently taped to ensure an even covering of theasarfind the excess granules were tipped off. After
probe calibration, the tape was placed under tloberThe probe compressed the sample to 0.2 mm
above the machine base at which point the maximanecefwas recorded as the hardness of the sample.
The compression test was repeated three timedfenedit regions of the tape.

Statistical analysis, with the significance level=p0.05, was performed using Statistica 8 software
(Statsoft, USA).

RESULTS AND DISCUSSION

Nowadays, agglomeration is one of the most impopaocesses in the cocoa powder drink production.
Cocoa powder particles have a layer of fat posgtitbon the surface, which makes it hard to disssin
particles. Therefore, sugars and other componeatadded to cocoa drink powder mixtures to improve
the reconstitution properties. Also, agglomerat®a well know method for improving instant projest

of cocoa powders, as well as other food powderschviaxhibit poor dispersibility, wettability or
solubility. The aim of this research was to deteenwhich properties and in what way are they
influenced by different process parameters duiegatgglomeration process.

Comparison of median diameter, loose and tapped drisity of the mixtures and the agglomerates are
shown in Table 2.



Table 2. Median diameter, loose and tapped bulk densith@imixtures and the agglomerates (results

are expressed as mean (n=3) + standard deviation)

Cocoa powder 10-12% fat
Median diameter [pum] Loose bulk density [kg’m | Tapped bulk density[kg 1}
Sample Mixtures Agglomerates Mixtures Agglomerates Mixwire | Agglomerates
1 527.76 £ 5.33| 550.44+6.91 740.80+8.Y2 800.71+£22.881.90+12.34 830.09+16.7
2 422.22 £9.11| 465.97+8.29 774.42+14)03  738.5645900.00+15.12 774.16+11.02
3 511.73+6.34| 462.63+3.52 738.85+17/11 751.75380(0. 853.78+9.36] 791.32+8.63
4 220.45 +2.46| 381.64+6.9% 710.40+£12/72 536.34%61807.27+22.44 550.57+8.22
Cocoa powder 16-18% fat
1 489.78 £12.40 501.73+28.19 875.45+12{22 731.0B%9 963.00+15.16 785.18+7.62
2 414.29 £ 8.27| 507.26+5.79 815.61+14)65 798.86337.928.10+14.39 843.24+9.35
3 521.15+6.32| 541.99+13.00 832.10+10{34 733.02¢410 915.31+19.6§ 766.04+10.11
4 202.78 +3.24| 379.60+25.26 718.40+5.29  558.793-7.5844.12+14.32 583.92+5.53

It can be seen in Table 2 that bulk density of dgglomerates was lower than the bulk density of the
mixtures. An exception can be seen for samplesdl3amade with cocoa powder containing 10-12% fat,
although this seems like a rather illogical obsgova since agglomerates have a much more porous
structure than mixtures. A rational explanationlddue that some sugar crystals have broken doven int
smaller particles due to high attrition forces gaditicle collisions in the fluidization chamber.ngale 3
(10-12% fat) mixture exhibited bigger median diaengéhan the agglomerate, probably also due to sugar
crystal breakage. It is also important to emphasiied¢ the difference between loose and tapped bulk
density was much bigger for the mixtures than far agglomerates, and these differences were more
expressed with cocoa powder mixtures with 16-1886 fa

Loose and tapped bulk density values were usedalitulate the Hausner ratio. Comparison of the
Hausner ratio for mixtures and agglomerates witli2% fat and 16-18% fat are shown in Fig. 2.

Hausner ratio 10-12% fat

Hausner ratio 16-18% fat

1 0.98
0.98 0.96
0.96 0.94
0.94 0.92
0.92
0.9 0.9
0.88 0.88
0.86 0.86
0.84 0.84
0.82 0.82
0.8 :
0.78 0.8
0.76 0.78
1 2 3 4 1 2 3
B mixtures W agglomerates W mixtures M agglomerates




Figure 2. Comparison of Hausner ratio for mixtures and agggoates

a) Mixtures and agglomerates made with cocoa powdetatoing 10-12% fat
b) Mixtures and agglomerates made with cocoa powdetatning 16-18% fat

Agglomerates showed higher Hausner ratio values tha mixtures. The differences between mixture
and agglomerate Hausner ratios were higher fomthaures with 10-12% fat. According to this ratio,
agglomerates and mixtures show low compressikality good flowability. Even though Hausner ratio is
an indicator of powder flowability, more sophisted methods are used nowadays to characterize the
powder flowability, for example powder rheometeriethcan give information on behavior of the
powder during flow and its susceptibility to cakiagd cohesiofGhosal et al., 2010).

Cocoa is available in a wide variety of colors,giag from light yellowish brown to deep red brovm t
very dark blackish browfAnonymous, 1999; de Muijnck, 2005).general, the color of cocoa powder is
influenced by the optical effect in which the fat the solid particles affects the light absorptidhe
higher the fat content, the darker the color widpaar to bgde Muijnck, 2005)Addition of sugars to
cocoa powder caused changes in color of the mixitutiee first stage of cocoa drink powder productio
After the agglomeration phase, changes in coloewaso detected and the results are shown in Bable

Table 3.Color changes of the mixtures during the agglomeraprocess

Cocoa powder 10-12% fat
Mixtures Agglomerates
Sample
L a b L a b
1 50.33+0.11] 13.08+0.02 24.19+0.05 48.61+014 104 | 15.87+0.0]
2 50.75+0.07| 12.72+0.00l 23.66+0.03 48.11+0{10 HD@P | 15.33+0.02
3 50.23+0.07| 13.19+0.0P 24.63+0.03 47.91+0[11 90823 | 14.75+0.02
4 53.11+0.05 12.38+0.02 23.24+0.04 45.50+0,08 9039 | 12.82+0.01
Cocoa powder 16-18% fat
1 45.58+0.09] 14.28+0.08 24.24+0.04 49.27+0,12 HDAH | 16.59+0.06
2 46.88+0.09) 13.70+0.08 23.25+0.04 48.19+0,09 1HOZHl | 16.86+0.07
3 45.49+0.10] 14.74+0.01 25.12+0.02 46.83+0,06 HDI® | 15.48+0.03
4 50.10+0.17| 13.01+0.08 22.42+0.02 48.27+0[05 0Bk | 14.34+0.03

As can be seen in Table 3, cocoa powder mixturés ¥0-12% fat showed markably higher brightness
(L-values) than the mixtures made with cocoa powasrtaining 16-18% fat. After the agglomeration
process L, a and b values dropped significantlyniottures made with 10-12% fat cocoa powder and
sample 4 made with 16-18% cocoa powder. Samplez dnd 3 showed a rise in brightness after
agglomeration. The biggest drop was detected ialbbeg (yellowness) for all the samples. Changés in
a and b values indicated a color change duringxipesure of the cocoa powder to heat. These remelts
in accordance witlde Muijnck (2005),stating that when cocoa powder is subjected topézature
fluctuations, discoloration will occur owing to tkbange in crystalline size or form of the cocotidsu



Agglomeration and instantization were conductedhwihe addition of Metarfh at a constant
concentration of 0.8% (w/w) in the end product. iDgytemperature was 60% °C and the water was
added by spraying only if the amount of added Mefarsolution showed to be insufficient to
agglomerate the mixture. Process conditions dutirey agglomeration process and the agglomerate
hardness is shown in Table 4.

Table 4. Agglomeration process conditions and agglomerarehess

Cocoa powder 10-12% fat

Sample| Time [min] Metarin® [% wiw] | Water [% w/w] | Hardness [N]
1 10 0.8 0 65.18 + 18.51
2 5 0.8 0 144,197 + 8.6D
3 20 0.8 0 91.80 + 12.95
4 50 0.8 27.5 216.89 +43.24

Cocoa powder 16-18% fat

1 10 0.8 0 199.65 +19.611
2 20 0.8 0 144.64 + 20.66
3 35 0.8 0 113.95 + 2.85

4 60 0.8 27.5 181.27 £8.91

Statistical analysis showed that the amount of dddater had a significant (p < 0.05) influence ba t
duration of the agglomeration process. If more watgs added, the agglomeration process lasted longe
During the visual inspection of the agglomeratidrarmber, segregation was visible for samples 1 — 3
(both % of fat), since sucrose, trehalose andrgthbl added to the mixtures were crystalline ameré
was a big difference in bulk density and particiee of sugars and cocoa powder. However, preseince o
crystalline sugar appeared to have speeded umtienaeration process, because the sugar crystaéipo
as very good agglomeration core particles. Samples3 (both % of fat) had a surplus of crystalline
particles and the agglomeration was visible eveorbethe addition of the binder (Metafinsolution.
Sample 4 (both % of fat) had a surplus of smaltigas, the duration of the agglomeration proceas w
longer and it required extra water addition. Statié analysis also revealed a significant influerod
water addition on bulk density of the agglomerate#h the bulk density being lower as the amount of
added water increased. Water addition and the idaraif the process, especially the exposure of the
powder to the higher drying temperature (60 °C)ddonger time period, also had a significant iefloe

on the color of the agglomerates. Agglomerate hessllwas determined by a compression test, but the
statistical analysis showed no significant influemof the process conditions on agglomerate hasdnes
More samples with different percentages of addettmand process duration should be prepared in our
future research to determine the influence of tipegsameters on agglomerate hardness.

CONCLUSIONS

Since the agglomeration process represents an tampgoart of cocoa drink powder production, the
intention of this work was to show how process dtoigs and mixture composition affect the
agglomeration process and quality of the aggloresraA significant influence of the amount of water



added during the agglomeration was found on duratiothe agglomeration process. If more water is
added, the agglomeration process lasts for a lgpgeod of time. The amount of water added alsodad
significant influence on bulk density and the cabbithe agglomerates. Fluid bed agglomeration @huse
significant changes in color of the mixtures and #gglomerates — L (brightness), a (redness) and b
(yellowness) values drop during the agglomeratmmnfiost of the samples. Presence of sugar in ¢rysta
form speeded up the agglomeration process, bed¢hase crystals acted as good agglomeration cores.
However, big difference in bulk density and pa#islze between sugar crystals and cocoa powdeedaus
segregation during the agglomeration process.

REFERENCES
Anonymous, 1999. De Zaan Cocoa Products Manual, AT#doa.

Benkovi, M., Bauman, I. (2009) Flow characteristics of pened infant formula. Journal on Processing
and Energy in Agriculture 13 (1), 67 — 70.

De Muijnck, L. (2005) Cocoa. In: Encapsulated amivéered Foods (Onwulata, C., ed.), CRC Press,
Boca Raton, USA.

Ghosal,S., Indira, T.N., Bhattacharya, S. (2010)ygladmeration of a novel food powder : Effect of
maltodextrin and gum Arabic dispersions on flow d&ebur and compacted mass. Journal of Food
Engineering 96, 222 — 228.

Haugaard Sgrensen, I., Krag, J., Pisecky, J., \Wested, V. (1978) Analytical Methods for Dry Milk
Products, # edition, Niro Atomizer, Copenhagen, Denmark.

Kowalska, J., Lenart, A. (2005) The influence mgredients distribution on properties of agglomestat
cocoa products. Journal of Food Engineering 68(25,— 161.

Laboratory fluid bed - http://www.niroinc.com/phaainsystems/laboratory fluid_bed STREALl.asp

Omobuwajo, T.0O., Busari, O.T., Osemwegie, A.A. @00 hermal agglomeration of chocolate drink
powder. Journal of Food Engineering 46(2), 73 — 81.

Turchiuli, C., Eloualia, Z., EI Mansouri, N., Dumioy E. (2005) Fluidised bed agglomeration:
Agglomerates shape and end-use properties. Poveddn®logy 157, 168 — 175.

Vissotto, F.Z., Jorge, L.C., Makita, G.T., RodrigueéM.l., Meneegalli, F.C. (2010) Influence of the
process parameters and sugar granulometry on dmoaaage powder steam agglomeration. Journal of
Food Engineering 97, 283 — 291.

Vu, T.O., Galet, L., Fages, J., Oulahna, D. (2068)roving the dispersion kinetics of a cocoa powaer
size enlargement. Powder Technology 130(1-3), 4006~



