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Afdeling Koolhydraat/Vetchemie Hei 1985 

RAPPORT 85 .42 Pr.nr. 505 . 3090 

Projekt: Normalisatie en harmonisatie van onderzoekmethoden voor oli~n 
en vetten, vette prodokten en oliezaden . 

Onderwerp: Netbode-o ntwikkeling voot· het bepalen van het gehalte aan 
cacaoboter equivalente vetten in chocoladeprodukten . 

Doel: 
Vaststellen van een analysemethode voor bepaling van het gehalte aan 
cacaoboter-alternatieve vetten in chocoladeprodukten, vanwege een on­
derzoek in de EEG naar de bepalingsmogelijkheid van 5% CDA. 

Samenvatting: 
De Europese Commissie (EC) bestudeert de mogelijkheden om cacaoboter­
alternatieve vetten (CDA) toe te staan in chocolade tot een gehalte 
van S% van de waar zonder declaratleverplichting. Voorwaarde is de 
controleerbaarheid met een betromo~bare analysemethode. De CAODISCO 
ontwikkelde een triglyceridemethode waarmee cacaoboter equivalente 
vetten kunnen worden bepaald . Dit verslag gaat in op de CAOBISCo­
methode en de daarop gebaseerde EEG ringtest. Tot slot wordt het 
resultaat vermeld van onderzoek naar de samenstelling van Nederlandse 
chocolade geanalyseerd met deze CAOBISCQ-methode. 

Conclusie: 
Analytisch levert de methode weinig problemen. Voor het bepalen van 5% 
CBE is de methode o . i. geschikt. Bepaalde CDE's die buiten de CBE band 
liggen kunnen met deze methode niet worden geanalyseerd. De standaardi­
satie van met name C 54 is een kritisch punt in de analyse. 
De ver1o~erking van de resultaten is momenteel mogelijk met een spectrum 
sinclair homecomputer met omnicale-2 spreadsheet software. 
Als spreiding op het analyseresultaat is gevonden 3% absoluut + 15% 
relatief (op vetbasis) met als voornaamste oorzaak de natuurlijke 
variatie van CBE's. 
Onze voorkeur gaat uit naar uitdrukking van het resultaat op vetbasis 
in plaats van op de totale waar . 
In enkele merken Nederlandse chocoladerepen is 15-20% CBE aangetoond 
op vetbasis (4-6% op de waar) . 

Verantwoordelijk drs B.G . Muuse 
Medewerkers/samenstellers: H.J. van der Kamp, drs B.G. Nuuse 
Projektleider drs B. G. Muuse Ä. 
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Inleiding 

Cacaoboter (CB) onderscheidt zich van andere vetten door haar speci­

fieke fysische eigenschappen . In chemisch opzicht is alleen de trigly­

ceride-compositie specifiek voor de soort . 

Cacaoboter behoort tot de duurste oli~n en vetten, in 1984 ca . f 2 per 

kg zie bijlage I, reden waarom reeds lang gezocht wordt naar cacao­

boteralternatieven. De vereisten voor deze zgn . CBA's zijn : 

1. Een steile dilatatiecurve ofwe l een klein t empera tuurverschil tus-

sen zacht worden en smelten. 

2 . Mogen niet onder 30°C en niet bove n 37°C smelten . 

3. Het cacaoboter gemengd mag er geen smeltpuntverlaging optreden. 

Met name dit laatste vereiste is moeilijk te realiseren en reden waar­

om de CBA ' s zijn onderverdeeld in cacaoboter equivalente vetten (CBE) 

en l auric en non- lauric cacaoboter r eplacers (CBR) (1,10) . 

De CBE's hebben zowel chemisch als fysisch dezelfde eigenschappen als 

CB's en zijn in elke verhouding mengbaar zonder fysische verandering. 

CBE's zijn vrijwe l altijd plantaardige vetten. De CBR's daarentegen 

wijken qua vetzuursamens t elling af van CB . De laurinezuur typen wijken 

fysisch niet af van CB, de laurinezuurvrije typen wijken zowel che­

misch als fysisch af van CB. Voor de CBR's geldt dat ze niet in alle 

verhoudingen mengbaar zijn met CB zonder verandering van de typische 

fysische eigenschappen van CB, zodat voor CBR' s een be perkt specifiek 

toepassingsgebied bes taat . 

Onderverde ling van CBA vetten 

Fincke (6) geeft een overzicht van CBE ' s en gaat daarbij uit va n de 

fysische gelijkenis met CB. Hij noemt daarin zeven groepen met vnl. 

gefraktioneerde vetten zoals palmolie-mld-fr a ktie , sheastearine en 

aalstearine uit India, de illipe groep en bepaalde mengsels van ge­

noemde vetten . 

Op sheastearine lijkende ve tten kome n ook voor in Afri ka zoals kok~l­

butte r e n allanblackia vet . Tot de illipe groep wordt ook gerekend 

t e nkawang (borneotalg). De illipegroep omvat de zeer sterk op CB lij­

kende vet t e n die vrijwel niet van CB zijn t e onderscheiden. Dit geldt 

ook voor Proeter en Gamble CBE, een s ynthetisch be reid triglyce ride 

mengsel (vermoe de lijk die rlijk vet) . De CB replacers van het laurine­

zuur type zijn a fkomst ig van geharde e n gefraktioneerde cocos of pa lm­

pitve tten. 

De non-lauric CBR ' s zijn afkoms tig van geharde palm- , arachide- of 

katoenzaadolie. 
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Standpunten van EEG lidstaten t .a.v . toelating van CBA in chocolade 

In ons land is het gebruik van CBA's gekoppeld aan de benaming choco­

lade niet toegestaan ( PBO verordening 1974 E3A) . 

In Engeland is sinds 1977 CBA toegestaan tot 5% van de waar. 

Gedurende een aantal jaren is in de codex alimentarius en de EEG een 

discussie gaande om 5% CBA toe te staan, indien overschrijding daarvan 

kwantitatief is vast te stellen en het vet aan bepaalde specifieke 

eisen voldoet . 

Denemarken, Ierland en Engeland ondersteunen dit streven. Duitsland en 

Frankrijk lieten een duidelijk neen horen terwijl de overige lidstaten 

alternatleve vetten wel willen toelaten doch onder de nodige voorwaar­

den, zoals deklaratie van de aamo1ezigheid van CBA (hetgeen ook analyse 

van 0-5% nodig maakt! ). De voornaamste argumenten tegen toelating zijn 

handhaving van de produktidentiteit en benadeling van de oorsprong 

landen in hun afzet m.n. ivoorkust en Brazilie zie bijlage I. Daarbij 

dient te worden bedacht dat de 5% regeling overeenkomt met ongeveer 20% 

minder CB verbruik. 

De CAOBISCO (Vereniging van de chocolade-biscuit-, beschuit- en suiker­

werkindustri~n in de EEG) heeft inmiddels een analysemethodiek ont\dk­

keld waarmee het mogelijk zou moeten zijn om CBE in chocoladeprodukten 

vast te stellen. De ontwikkeling hiervan is door Fincke (4 ,5,6,7,8) 

gepubliceerd . Resultaten met deze methodiek worden ook beschreven door 

Padley en Timms (9) en Young (11 ). 

Deze methodiek heeft de EEG in studie genomen door onlangs een ringtest 

te organiseren, waarbij in ons land om deelname verzocht is aan CIVO, 

De Keuringsdienst van l·laren te Nijmegen en RIKILT. 

Analysemethoden 

De CAOBISCO heeft de volgende kriteria opgesteld voor CBE grondstoffen 

ter onderscheiding van CBR's zie ook bijlage II: 

Het vet dient plantaardig te zijn, 

symetrische triglyceridegehalte ~ 65%, 

onverzadigde vetzuren totaal~ 45%, 

onverzadigde vetzuren in 2-positie ~ 85%, 

meervoudig onverzadigde vetzuren~ 5%, 

trans vetzuren ~ 2%, 

laurinezuur ~ 1%. 
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Hiervoor zijn de volgende analysemethoden nodig: 

De analyse van vetzuren waarvoor goed gestandaardiseerde internationaal 

aanvaarde methoden bestaan, 

de vetzuur 2-positie- analyse, 

de sterolanalyse en de transvetzuuranalyse. 

Voor de vaststelling van het CBE-gehalte in cacaoboter, naast eventueel 

melkvet, is de op triglyceride-analyse gebaseerde methode van de 

CAOBISCO nodig. 

Voor de overige analysemethoden voor chocolade zoals vet, as, vocht, 

onverzeepbaar, en zuurtegraad hebben Judd et al. (2) methoden gepubli­

ceerd die acceptabel zijn, uitgezonderd de aan kritiek onderhevige 

Philips en Sanders methode voor de bepaling van het melkvetgehalte. 

Samenstelling van cacaoboter (3,5,6,10,11) 

Vetzuursamenstelling Triglyceridesamenstelling 

C16:0 25- 26 C48 0,3 

C18:0 34-36 C50 18,0 POS 16 

C18:1 34-35 C52 46,0 POP 50 

C18:2 2-3 C54 33,5 SOS 27 

C56 1,2 

1 

TRIGLYCERIDE ANALYSIS 
COCOA BUTTER 

IOÈNTIFICATION: 
1. C4B 
2. C50: 1 
3. C51 
4. C52: 2 
5. C52: 1 
B. C53 
7. C54: 3 8 B. C54: 2 
8. C54: 1 Ij 

l l 

, 
' Jo' lO ~s 
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Principe van de CBE-bepaling middels triglyceride-analyse 

Met de triglyceride (TG) analyse wordt de samenstelling van C40-C56 

bepaald. Vervolgens worden de voor melkvet triglyceriden gecorrigeerde 

en tot een totaal som van 100% herleide waarden van CSO, C52 en C54 

berekend met behulp van korrektiefakteren die uit standaardreeksen van 

CB's, CBE's en melkvet moeten worden vastgesteld. Voor melkvet wordt 

CSO t/m C54 gesteld op 28,0%, dit komt overeen met onze bevindingen 

(12). Voor hard gefraktioneerd melkvet vinden wij echter 29,1 . 

Met de herleide waarden van CSO en C54 wordt het CBE tracee vastge­

steld wat aangeeft met welk type CBE de cacaoboter werd gemengd . Voor 

de 6 waarden A t/m F die dit tracee omvatten (zie bijlage II fig. 3 ) 

wordt vervolgens de C52 waarde berekend. Met deze zes C52 waarden, het 

C52 gehalte van het monster en de C52 waarden van 3 vaste waarden op 

de cacaoboterlijn wordt de mengverhouding van CB en CBE bepaald en de 

middelwaarde als eindresultaat berekend, weergevende het percentage 

CBE in het totale vet. Voor de totale methode zie bijlage II. 

Va~ege de bijzonder complexe en arbeidsintensieve rekenkundige bewer­

kingen die voor de vaststelling van het CBE gehalte nodig zijn , is ge­

computeriseerde verwerking onontbeerlijk. Als software is een spread­

sheet programma nodig dat voor de meeste homecomputers verkrijgbaar is 

doch vreemd genoeg niet voor grote computersystemen. 

Voor grafische interpretatie van de resultaten zie de figuren achterin 

bijlage II . 

Analyseresultaten 

De ringtestmonsters van de EEG bestonden uit 6 diverse cacaoboters, 6 

mengsels van een cacaoboter met diverse hoeveelheden melkvet en 18 

mengmonsters van CB, CBE en melkvet waarvan in 6 gevallen de samen­

stelling bekend is gemaakt. 

Analyse van de 6 CD ' s gaf een lineair verband tussen de monsters 

(cacaoboterlijn) volgens de vergelijking: CSO = - 0,776 . C54 + 45,2 . 

Analyse van de 6 mengsels van CB met melkvet gaf een melkve tfaktor FMF 

van 4,38. Hiermee is het percentage melkvet in het vet te berekenen 

uit de waarde van C40 t/m C44. 

Ook korrektiefakteren voor CSO t/m C54 per procent melkvet zijn uit de 

6 mengsels met melkvet berekend. De methode geeft waarden voor C50- C54 

van r espektievelijk 0,12, 0,13 en 0,08. Gevonden werden waarden van 

respektievelijk 0,11, 0,09 e n 0 ,08. 

Voor een overzicht van de analysecijfers zie bijlage lil. 
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Vergelijking van de melkvetbepaling via de triglyceride-analyse en via 

de vetzuuranalyse geeft marginale verschillen te zien ( 5% relatief) . 

Met name de basis kengetallen C40 - C44 = 28 respektievelijk C4 = 4,0 

zijn bepalend voor het melkvetgehalte en een eventuele systematisch 

fout daarin. 

Tabel 1 geeft een overzicht van de resultaten die gevonden zijn met 

beide methoden. Een aparte vetzuuranalyse voor de bepaling van melkvet 

is o.i . niet nodig. 

De EEG ringtest gaf niet aan met welke cacaoboter de zes monsters voor 

vaststelling van de melkvetkorrektles is bereid. Ook is niet tevoren 

aangegeven welke uitvoeringsprocedure gevolgd moest worden en hoe de 

resultaten opgegeven moeten worden. Enkele storende fouten in het re­

kenmodel van de 'methode maakten de ringtestopzet tenslotte niet ideaal. 

Tabel 1. Helkvetgehalte bepaald via de triglyceride-analyse en via de 
vetzuuranalyse in de EEG-ringtestmonsters. 

Honsters % melkvet via Verschil 
Triglyceriden Vetzuren % 

G 17,7 19,8 2,1 
H 12,3 13,5 1,2 
I 24 ,0 26,8 2 ,8 
J 10,2 10,5 0,3 
K 20,3 23 ,0 2,7 
L 15,0 16,3 1,3 

1 0 0 0 
2 14,6 16,0 1,4 
3 0 0 0 
4 0 1 ,o 1,0 
5 0 0 0 
6 14,8 16,8 2,0 
7 16,0 17,0 1 ,o 
8 15,4 15,5 0' 1 
9 16,1 19,0 2,9 

10 15,6 15,8 0,2 
11 15,9 16,2 0,3 
12 15,9 16,8 0,9 
13 0 0 0 
14 0 0 0 
15 15,3 14,09 -0,7 
16 14,3 14,8 0,5 
17 15,3 12,3 -3,0 
18 15,6 15 , 2 -0,4 
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Uit heranalysen is gebleken dat met name het gehalte aan hoogmolecu­

laire triglyceriden C54 en C56 meer dan de andere triglyceriden afhan­

kelijk zijn van de gaschromatografische omstandigheden. Er worden eer­

der te lage waarden gebonden dan te hoge en daardoor een CB- lijn die 

niet voldoet aan de kriteria in de methode. 

Het eindresultaat van de me thode berust op het verschil in C52 (na alle 

korrekties en normalisaties) tussen zuivere CB en het CBE gebied dat 

gemarkeerd wordt door de punten A t/m F. Figuur 1 illustreert deze 

korrelatie. Tevens blijkt hieruit welke mate van spreiding is te ver­

wachten. Deze spreiding is lineair afhankelijk van het CBE gehalte in 

het vet en komt in de praktijk overeen met 3% absoluut + 15% van het 

CBE gehalte in het vet • 

Figuur 1: Massafraktie diagram voor C52 van CB en CBE waaruit het 

percentage CBE kan worden vastgesteld en waarmee de 

resultaatspreiding wordt geillus treerd. 
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Voor het grens gebie d van 20% CBE in chocoladeve t (5% op de waar) is 

een s preidi ng om de gemi dde lde waarde t e verwachten van 3 + 3 = 6% 

a bsoluut. 
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Deze spreiding wordt veroorzaakt doordat in het monster de soort CB en 

de soort CBE niet bekend worden verondersteld en kunnen varleren bin­

nen vastgestelde grenzen. Deze grenzen worden bepaald door CB1-CB3 en 

de CBE gebiedsmarkeringen A t/m F (z ie figuur 3 in bijlage II). Uit de 

ringtestresultaten zal moeten blijken welke bijdrage de triglyceride­

analyse levert aan de spreiding. Verwacht wordt dat de geschetste na­

tuurlijke variatie vele malen groter is dan de analysespreiding . 

Daar de spreiding niet van analytische aard is, is o.i. sprake van 

overschrijding van de 20% grens (= 5% op de chocoladewaar) indien de 

gemiddeld gevonden waarde deze grens overschrijdt. 

Toepassing van de voorgestelde methode op chocoladerepen van de 

Nederlandse markt gaf voor 4 van de 14 merken (6 van 24 monsters) aan­

wezigheid van 15-20% cacao- en melkvreemd vet waarvan we aannemen dat 

het CBE vet ten zijn. Op produktbasis komt dit overeen met 4,5-6% . 

Het type CBE is in alle gevallen identiek en duidt in het algemeen op 

een mengsel van palmolie mid faktie met sheastearine en enig vet uit 

de illipe groep. Bijlage IV geeft een identifikatie grafiek van CBE 

soorten (11). In nog eens 2 gevallen (van verschillend merk) bestaat 

twijfel over bijmenging met CBE. Voor grafische weergave van de resul­

taten zie bijlage v. 

Conclusies 

Het EEG proposal op basis van de caobisco methode biedt goede mogelijk­

heden om meer dan 2-3% CBE in chocolade vast te stellen. CBE's die 

dicht bij de CB lijn liggen zijn met deze methode niet te bepalen 

(m.n. Proeter en Gamble en Illipê vetten). De methode is rekenkundig 

dermate compl ex en bewerkelijk dat routine onderzoek niet redelijk 

uitvoerbaar is zonder computerverwerking met spreadsheet software . 

De CBE kriteria van de caobisco zijn niet controleerbaar in mengsels . 

De spreiding van de analyse wordt veroorzaakt door natuurlijke varia­

tie en bedraagt + en - 3% absoluut ·1- 15% re l atief op basis van vet! Op 

produktbasis komt dit overeen met 0,75% ABS + 15% relatief. 

Indien 5% CBE op basis van produkt wordt toegestaan dan dient o . i. de 

gemiddeld gevonden waarde voor CBE maatgevend te zijn. 

Als controle op de juistheid van de analyse is een vereiste dat vol­

daan is aan de krit eria waarbinnen de cacaoboterlij n moet liggen. 
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Het is o.i. eenduidiger om het CBE percentage te baseren op het vet of 

het chocoladedeel van de waar en niet op de totale waar zoals in de 

ontwerp verordening. 5% toestaan op de chocolade- waar betekent dat 

voor chocolade 28%; voor melkchocolade 23%; voor volle melkchocolade 

24% en voor chocolade puur 19% mag worden vervangen door CBE. 

Het percentage melkvet is vast te stellen met de triglyceride- analyse . 

Er zijn slecht marginale verschillen gevonden t.o.v. de bepaling via 

de vetzuursamenstelling. 

De melkvet~>~aarde van 28% voor de som van C40 t/m C44 is ook voor nor­

maal Nederlands melkvet gevonden. Voor gefraktioneerd hard botervet is 

deze waarde 29%. 

Geen onderzoek is gedaan naar de invloed van migratievette n uit de 

niet- chocoladewaar op de analysespreiding t 

Daar gehalten onder 2%-3% CBE in de waar niet nauwkeurig te bepalen 

zijn, lijkt een deklaratieverplichting tot 3% inhoudsloos. 
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WORLD COCOA PRODUCTION AND GRINDINGS DATA 
Reproduced from Gilland Duffus Market Report 

dated May 1984 
(Thousand Metric Tonnes) 

PRODUCTION 

Africa ... . ... .. . .. .. , , . 
America ..... ... .. .. . , . 
West lndies . , . , , , . .•.... 
Asia and Oceania ..... . , . , 
WORLD TOT AL . . .. .. .. . 

Principal Countrios 
Ghana . . .. . ... . .. , . .. . 
Nigeria . ..•... ... .. . .. . 
lvory Coast . ... , ..... , .. 
Cameroun ... . ..... . . .. . 
Equatorial Guinea .. . .. . .. . 
Brazil ... ..... . .... . .. . 
Ecuador . .. ... ........ . 
Dominican Republic .. . . , .. 
Venezuela ... .. ... . .... . 
Colombia . ..... . ... ... . 
Mexico ....... , .. . .. .. . 
Papua New Guinea . .. . .. . . 
Malaysia ............. . . 

GRINDINGS 

Western Europe . ... ..... . 
Eastern Europe and USSR . . . 
North America .. ...... . . . 
Centra l and South America .. . 
Australia and New Zealand .. . 
Asia ....... . ... .. . . .. . 
Africa . . . .... .. . . .. . .. . 
WORLD TOT AL ........ . 

Principal Countrios 
United States .. . . ....... . 
Germany (Federal Republic) .. 
Netherlands ... . . ....... . 
United Kingdom ......... . 
USSR . ....... ......... . 
France . .. ... .... .... . . 

PAlCES 

1980/1 1981/2 

999 1043 
528 520 

44 50 
92 113 

1663 1726 

258 
155 
403 
120 

8 
349 

81 
32 
14 
39 
30 
28 
43 

598 
211 
207 
349 

16 
90 

125 
1596 

190 
167 
141 
85· 

120 
52 

225 
181 
457 
122 

8 
314 

85 
40 
17 
42 
41 
30 
60 

620 
201 
215 
322 

13 
106 
126 

1603 

199 
175 
148 
88 

120 
52 

1982/3 
(Estimato) 

856 
515 

52 
116 

1539 

178 
156 
355 
106 

10 
336 

55 
40 
18 
40 
42 
28 
65 

626 
228 
210 
348 

12 
107 
120 

1651 

194 
180 
157 

77 
137 
53 

1983/4 
(Forocast) 

854 
480 

51 
135 

1520 

158 
115 
400 
108 
10 

299 
60 
39 
18 
41 
40 
29 
80 

623 
214 
210 
341 

12 
105 
125 

1630 

194 
182 
158 
80 

130 
50 

Month·end prices tor nearby shipment Ghana cocoa have been : 

1982 July 
August 
September 
October 
November 
December 

1983 January 
February 
March 
Apr i l 
May 
June 

[ 

976/tonne 
1008/tonne 
1080/tonne 
1 019/tonne 
1052/tonne 
1171/tonne 

1348/tonne 
1301/tonne 
1341/tonne 
1316/tonne 
1521/tonne 
1639/tonne 

1983 July 
August 
September 
October 
November 
December 

1984 January 
February 
March 
Apr il 
May 
June 

E 
1691/tonne 
1590/tonne 
1567/tonne 
1502/tonne 
1710/tonne 
2097/tonne 

1965/tonne 
1713/tonne 
1889/tonne 
1998/tonne 
2215/tonne 
1910/tonne 

The market has risen fairly steadily in the light of two successive deficits 
in the supply/demand situation. Gi ll and Duftus are not yet making any 
forecasts lor 1984/5 . 

COCOA GROWERS 'BULLETIN 
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l . Purpose 

The method describes a procedure for determining the amount of certain 
non-cocoa-butter fats (NCBF), in particular cocoa butter e~uivalents 
(CBEs), in· cocoa ~utter and choco.late and milk chocolate fats. The 
methad is based on the gas chromatographic separation and ~etermination 
of the triglycerides by number of c ·atoms. · 

See note .1.' · -tf4 23 

2. Oefinitions 

2. 1. Cocoa butter: Fats produced from cocoa raw materials that meet the 
s tanda rds of the EC Cocoa Di reet i ve for "Cocoa butter" . 

2.2. Milk fat: Fat obtained from milk and having its. natural composition . 

2.3. Specified non-cocoa butter fats (NCBF): Fats whose triglyceride data 
are in accordance with the criteria given in "3. Scope of a·pplication". 

2.4. Cocoa butter equivalents: Fats whose composition meets the following 
criteria, suggested by CAOBISCO: 

(a) Vegetable fats 
(b) Content of .6-SOS triglycerides ~ 65~ by weight. 
(c) Content of unsaturated fatty acids in the 2-position of the 

tr1gl_ycerides <: 851: by wei ght. 
(d) Content of unsaturated fatty acids in the total fatty acids 

s 45,; by weight. 
(el Content of unsaturated fatty acids with 2 o~ more double bonds 

in the total fa t ty acids s 5% by weight. 
(f) Content of lauric acid in total fatty acids s 1~ by weight. 
(g) Content of trans fatty acids in total fatty acids s 2% by weight .• 

• 

.,..~ ... ...... -.~ .... ! ·;J' "":-"'7"""~...._,...-.,.._...,.- ............... .. _ .. _.1••"" ~.:- - ··-•t.:JI ... ~<.-~ •• -.... • ~ 

.· 
- 3 -

3. Scope of appl1cat1on 

ol,['t 
3.1 . The metbod canlbc appl1~d only to mixtures of cocoa butter. milkfat 

and thoae non eocoa butter fats, espeeially CBE, whose % CSo and 
" C54 contente (nor~~~ali:ted to " CSo + " C52 + " C54 • 100,0 %) lie 
wi'thin a def'ined ranae ( the CBE band ; see fiaure 1 and seetions 
14.3 and 14.4). · / 

3.2. It follows from the defin1tion of the CBE band (see 14.3. and '1lt:11:/ ··· - · · 
that the method can give useful resu1ts on1y when the nol"'llaliZed 

triglyceride composition (~ CSo + S C52 + % C54 • 1oo,oS) of a non-

3.3 

3 • .4 

cocoa butter fat satisfies the fo11owing inequality: 

too,o - % C54 - (84.o - o,B94 • S CS4) :; S C52 :; 1oo ,o 

- s C54 - (7o - o, B75 • 1 C54) 

TnE: definitior. in (2.2 . llexcludes fractionated end hardeneci miU fats 

~~ tneSf leaci to antlytic~l complic~tions 'thilt cannot be ~ssesseC: a~ 

.-~eser.:. 

Co:::pli~nct "'itn tnE: ,,..·,:.er'ië. of (2 .l;.) can be checked by tnE:ans of thf: 

fc.1io..-in~ zsna~)·-.icë.i ~::nod$: 

iJE:-:.er:r.incstior. of s:~ro·, cor'.:.en:.: lSO 67~9-19E2 (::); 10:.: Ne.. 
lf.-E./19i3 

~ . :.c:-.:e-r.._ c'! 
:;!:-.a~ ~n: 

:-so~ :~·ç::y:tnce~: 10:: (iro -prep3ntior.) ; •:.S . .!. 
r.t. . tcc~e,. · :.t~ens:-=-.. t.h ~!. . u. - ïechr.c-:. i :: : ~;;: : 32E 

.. . ... ::r.,.t-~~~ .. ~: .. .:..:€ ... ·.t-. ;- .t. : c:··t.- , !·~.S.J. D~ -. -~ ~~, 
.:O:··.gec-:.::.f~ . :.- .. ': · ~. ~ >:. :··-.. 7r. (i9E'· !::: 

.. ... t"'r~ · JDO~ . . 

ei Unsaturateo htty acids ir. tilt ~-posit.ion: JOCC (u , prepart':.1 t:·. ; ; 

I St' Draft Propos~l 6Boo IS0!1C 3(/S: 11; Iur;:.: Stanè3rd Me:h:.:~ 
for the Analysis of Oils, Fats anci uerivzstives No . 2.210. 

e ),f). s: Fetty acid composition: IOCC 17l-E/1973; IOCC 17b-E./197::; 

lSC' S:>oo-1976 (E); ISO 55oe-197E ((). 

~;/ irans-fetty ecias: 10:::c (ir. prepörttion). 

- ------ ---------r-- --------
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-. 
. ",.- ~~~~' At preeent there ie ~ommerc:ially available CBE ~ thc CAOBISC~ 

definition {2.4.) but (,_oes n~a triglyceride camposition in · 

accordlnce with the ineq~1ty of (3.2.) for the noJ'111aliZed triglyceride 

walues forS CSo. S C52 and S C54. The triglyceride data for this fat 

does DOt lie within tt~e · CBE band (14.3.1 ~)~ Th is metbod gives 1 CSE 

vllue too luw fDr COCCI& bÏrtter or chocolate fats containing such fa~. 
Tbis applies to fats of the •nlipe group" and COCCI& butter equivalents 

containing a high level of these fats. as w~11 .~· t~ c'öc:Dà butter 

equivalents that may be produced in future by enz~contro11ed 

interesterification (J. Am. Dil Chem. Soc •• 59 .. (1.982) 2~ A). 
. . '-1 

At present. however. the commercially availablè coc08 butter equivalent- , 
I 

me~: both the CAOBISCD criteria and the inequality of (3.2.) . I' 

So::.; non-cocoa butter fats (ti!:BF') satisfy the inequality quoted ir. 

(~. ~- i althougr. they do notmeet the CAOBlSCO criteria and are no• 

sui:~~le ts co:~ butter equivalents . These fats include some ve9ete: :t 

oi1~ ;t.~. t~zelnut oil. soyabean oil) that may be present in choc~ : ~~~ 

'fH! 'ill co~sfouence of the additior. of h~zelnuts tnd soy~ lecithir. 

( 1L .~ . ) . 

ks t~esi ftt! cln simultte the pre~en~t c~ co:oa butter equivai ents, 

:.roe1e frf~~roCf of ~!lSenct 9enera1 1~ r~~ tC• !:>E established by aci~i :.ic~.~ ·­

~r.~u, c;:s . 

-:lt r~ lJO....'i•"d : ;.:·.· : :..:E! 'T. ~ .' :-~ :' ;.;·: · ~ --.ö. s~r ; i :e 'for t!lü 

:,..,-: :: ~ 

~ ) Detenninatior. of tnf htty acio mEo.nyl ester co:npositior.: see l.ou 

3.1,. e)-g). 

t ·) lsolttior. and ar.~ lysis of the IDO~_!l_i oh}i_unsaturated t.r:iolycerioes 

on silver nitrtt~·silica· gel TLC plltes: c. Litchfield: Analysis 

of Triglyceriaes. Academie Press . heo.· Vork 1 g72. pSo-67; 

D. Chobanov et al : J. Am. Oil Ch~. Soc. 53 (1976) 48. 

c ) DetenninHior. of the cnort highly unseturated tr'iglycerides (e.g. 

triolein. d'i-oie~iinolein) by HPLC : H. Rehfeldt, E. Schulte and 

L. Acker. in p~f~Hatior .. 

I 

i. 

' .· ,. 

.-.... 

' -

d) lsolation of isomerized unsaturated fatty acid methyl esters on silver . 

nitrate-silica _?el TLC plates followed by gas chromatographic analysis 

see Note 2.2.h). 

e) Detection and dete~ination of i~omerized unsaturated fatty acids 

by gas chromatography of the fatty acid methyl esters on capillary 

co~ns (~ ·2Sm): R.P._ D~'Altmzo et al: J. Am . Dil Chem. Soc . 58 (1981) 

223; H.T. Slover and E. Lanza. J. Am. Dil Chem. Soc. 56 (1979) 933. 

f) Detection ·Of triglycerides with isomerized unsaturated fatty acids 

on silver nitrate-silica gel TLC plates: see Note 2.2.b) . 

g) lsolation and analysis of the unsaponifiables (Composition of the 

sterols, det.ection of characteristic constituents. e.g. 

butyrospennol ): JDCC No . 14-E/l~io; A. Fi ncke: Dtsch. Lebensn: . Rdsch. · 

2!. (1975) 284; M. Derbesy and I·:.T . Richert : Ole~ 9i neux 3' (1g79) 4o5 . 

h ) l~unochemi cal or elect.rophoreti c detectio~ of proo.eins that can 
oerive fror.; fat-containing su!:ls:.~nces addec to cr.ocolates, e.g. 

h:ze~ r.~:. . grcundnut or soya pro•ein: Officia l Collection of 

Ana ly: icel ~::hoos in accord~n~e ... ·ith § 35 LMSG (in preparation ). 

I 
I 
I 

--· ·-·~ --· -·---~------ -~- ·- -· ------------

.___ 

~ 



:··.~•:T '•:. a·-~.·r~t.;~::· .. :-:rr~ ... , - rr ... , -'ti.'..:..)",":·u~;~ .. !. .- .1 \l,'~~ .. -~· -"'·1"(' ,1fn,., ...... ~r-.- · ~.t!"';::-.~-:-..:-'l.t~·~:~,.._;: ·1 ... ~· ,.,., 1' . - - • I 

- ó -

4. Principle of the method 

4.1 . Set up analytieal procedure for triglyceride analyses by GLC. 

4.2. Analyse standard coeoa butters and define the •coeoa butter line•. 
Check tha~ this a~rees with the standard •cocoa butter line•. 

4.3. Separate chocolate ·fats and detennine the triglycerid composition 
(classification by carbon numbers). 

4.4 . Perfonn additional analytical procedures (i.e. determination of 
fatty acid methylesters if necessary). 

4.5. Correct CSo-, CS2- and C54-peaks if milk fat or other fats 11ke or 
soyaoil are present . 

4.6. Plot analytical datas on the cocoa butter - CBE - gra.'ph and 
detennine the amount of CBE (and certai n other fats) present. 

4.7. Apply additional correetions to 4.5. (i .e . due to hazelnutoil) 

and repeat 4.6. 

•. 

-~---

• f. 

c..... t"-14'! .... ~, .. -f..-- .. .. . . ... 

5. Reaqents 

(a) Chloroform, analytical grade. 
(b) Reagents for detennining the fat content of chocolate; IOCC No. Sa-E/1972. 
(c) Reagents for determining the C4 methyl ester content of fats containing 

milk fat; ISO 5So9; ISO 5So8. 
(d) At least 6 different coeoa butter samples of different triglyceride 

composition (see 9). 
(e) Samples of different CBEs (see 1o). 
(f) Helium or ni trogen (carrier gas). 
(g) ~drogen and purif i ed air. 

6. Apparatus and equipment 

(a) Gas chromatograph (with FIO ; programmable oven heating and heateó injector). 
(b) Suitable separating columns: 

either packed columns (glass; length o.S- 1 m; diameter 2- 4 mm; 1.5- 3: 
OV-1 or öV-Iol or SE-3o on Gaschrom Q 1oo/12o or Chromosorb W 8o/1oo 
or Chromosorb WHP 1oo/ 12o or Chromosorb G/AW/ DMES 8o/1oo); 
or glass capillary columns (length 5-6 m; diameter o.3 mm, OV-1o1 or OV-1 ). 

(c) Recorder and i ntegrator. 
(d ) Oven 
(e) ~1 syringes. 
(f) Norma l laboratory glassware. 

7. Preparatien of the sample 

7.1. Cocoa butter and other fats 

7.1.1. Cocoa butter and other fats are completely r:>c':ted, well mixed and 
filtered ~the d~(see !OCC No. 8e-E/1973 / before gas chromatographic 

analysis . 

7. 1.2. The amount of sample required fo r gas chromë:ographic analysis is 
transfer~ed in t he clear mel ted state (60° Ci into a suitable container 
(measuring flas k, Erl enmeyer flask; 1 drop of mel teó cocoa butter~1S mg), 
if necessary weighed after cooling and di ssoived i n the required amount 

of ch~onn (see 8.2. and 8.3.) . 

_ ..... - . . --....--------
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7 .2 . Chocolate 

7.2.1. The fat content of the chocolate is determined by IOCC Method Sa-E/1972. 

7.2.2. The chocolate fat for chromatographic triglyceride analysis is obtained 
from the chocolate sample in accordance with IOCC Sa-E/1972. The method 

used here differs from the IOCC method in that the petroleum ether 
extrac~ is evaporated down under vacuum with a rotary evaporator (water 
bath t~perature 6o• C) and the solvent-free residue is dried (water 
bath temperature 6o• C, about 2o minutes): ' 

7 .2.3. The chocolate fat should be stored 'in the refrigerator, in the dark. 

8. Procedure for triglyceride analysis by gas chromatography 

8.1. Preliminary remarks 

It is not sensible to prescribe obligatory fixed analytical conditions 
because of the different types of gas chromatographs and separating 
columns used. Every analyst must determine the optimal werking procedure 
for his particular combination of equipment himself by analysis of suitable 
test samples (see 8.4., 9 and 1o). The analytical conditions given in 
8.2. and 8.3. should therefore be regarded as providing only general guidance. 

In every case, the analytical conditions must be chosen to give as complete 
separation and recordinQ as possible of triglycerides in the range ë4o-C56. 

8.2. Use of packed columns 

Separating columns: See 6 (b) 

Temperatures: lnjection bleek: 35o - 3Sc• C 
Separating column: Tempe,a:ure programme startingat 

21o-2ec• c 
Final temperature: 3oo-35o" C 
Temperature rise 2-6° C/min 

Detector: 35o-39o• C 
carrier gas: Helium or nitrogen, 2o-1oo ml/min 
Amount injected:-vo.S ~1 of a 3% solution of the fat in chloroform. 

I 
.-

,-

j __ _ 

---·"' ~ 

8.3: Use of glass capillary col~. 

Separating columns: See 6 (b) 
Tempera tures: ···· · - - - ··- _r_n?e:_t_i_on blee k: 36o-3_8o• C 

carri er gas : 
Amount injected : 

Separating column: Temperature programme 
starting at 21o-29o• C 

Detector- 38o° C 

Final Temperature: 33o-36o° C 
Temperature rise: 2-6° C/min 

Helium or nitrogen, pressure o.3-1. 2 bar 
,..1 ul of a 2% solution of the fat in chloroform 

8.4. Assessment of the resolution of neighbouring peaks 

8. 4.1. The resolution, i.e. the efficiency of separation, of the triglyceride 
peaks CSo and C52 is assessed by calculating t he resol ution (see Figure 2) : 

R 1 
. 2 IJ. eso ut1on = ~ w1+w2 

where 6 is t he di stance in mm between the CSo and C52 peak maxima; 
and w1, w

2 
are the wi dths in mm of t he CSo and C52 peaks respectively 

a t the basel ine as gi ven by cons tructing triangl es using the tangents 

at the points of inflexion . 

The resolut ion should beat leas t 1, 3. 

8.4 . t'. , ~en gl ass capi l .a ry col umns are used , separat ion of the CSo and C52 
e::ks is so ccc .. ' :f: that t he small C51 peak appears as a dis tinct , 

. .:: pa ra te pea r. : · .. "er. the two. I t is therefore not nee es sa ry to test 
ne effic iency:.· separati on . 

E.5 . . : ula t ion of th; ~riql yceri de composition 

8.~. . t he case of zr,c: lysi s on packed co 1 umns, t he pea ks wi t h C numbers Co, 
. . 4~ , 46, 48, s~. 52, 54 and 56 {and somet imes 58 as well) are 
~corded {area ~ ~ anc used in t he calculation. The t riglyceride range 

: ~o-C46 is pract i cally blank for pure cocoa butter . 

. ::~ a 1 s o No te 2 . 

.. _ ·~· ~-· - .. ·---·-------------
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8.5.2. lf necessary, the peak areas : are nonnalized so that 

: C4o +: C42 +% C44 +% C46 +% C48 +% CSo +% C52~% CS4 
+ % C56 • 1oo,o %. 

The triglyceride data nonnalized in this way enable non-cocoa butter 
triglycerides in the range C4o- C46 to be detected. When fats of the 
coconut/pa la kemel" fat ·group are not present, the milk fat content 
can be calculated front the SIJII of the triglycerides % C4o • % C42 
+% C44 (see 11 and 14.1.). 

8.5.3. The .triglyceride data determined in accordance with 8.5.1 . are 
subjected to a secend nonnalisation so that 

% CSo* + % C52* + % CS4• • 1oo,o :. 

The triglyceride values normalized in this way are indicated by 
placing an asterisk (*) after them. They are needed to find the 
"cocoa butter line" (9) and to calculate milk fat corrections (lol 
and the NCBF (CSE) content. 

8.5.4. The peaks of triglycerides with an odd number of carbon atoms are 
also separated and recorded by analysis using capillary columns. In 
calculating the triglyceride composition the peak area : values for 
odd-numbered triglyceride peaks are added to the values for the preceding 
even-numbered triglyceride peaks and the sums are given as the peak area 
: for the even-numbered triglyceride peaks (example: : C5o + : C51 is 
quoted as ·:· C5o"). 

The simplified triglyceride data so .obtained are normalized and evaluated 
as described in 8.5.2. and 8.5.3. 

g_ Oetennination of the "cocoa butter line" 

9.1. The ".cocoa butter line" is defined as the straight line obtained by lin~ 
regression of the : CSo• values (y ) on the corresponding values of : C5~x) 
for different cocoa butter samples. 

The "cocoa butter line• can be described by t he following equation : 

: cso• ca • b • : CS4•, 

where a is the. point at which the cocoa butter l ine cuts the: cso•(y)-axis, · 

. · 

... ,..,.. ... .. . """"".....---l:''!ftt"-:• 

and b is the slope of the cc butter line . 

9. 2. The position of the "cocoa butter line" in the% CS4•(x) -% CSo•(y) 
system of coordinates (see Figure 1) is found by analysing 6 authentic 
cocoa butter samples by the method of 8.2. or 8.3. and normalizing the 
results as described in 8.5.3. or 8:5.4. 

The samples of cocoa butter should be selected so that the difference 
between the highest and lewest value of % CS4• is such that 

: CS4* - :es~- 6 • 1• max m1n - •· 

The mean value for % CS2• calculated for the six samples of cocoa butter 
should be about 47 : o,S%. 

9.3. The intercept on the axis a and the gradient b (i n the equation given in 9.1 . ) 
should be c~lculated from the : C5o• and % C54• data for the 6 cocoa butter 
samples as further checks that the "cocoa ·butter line" is in the correct 
position. The values obtained shou,-d be in the following ránges: 

b -o,66 . .. -o,So 

(17,61 - 35,66 · b) • o,6o ~a~ (17,61 - 35,66 · b) - o,6o 

The residual standard deviation should not be great .er than o,2. 

Substantial departures from these criteria can adversely affect the 
correctness of the calculated NCBF (CBE) values. lf this occurs the analyst 
will have to make appropri ate changes t o hi s chromatographic con~i tions. 

g.4. Ageing of the separating columns can cause changes in t he condi tions of 
ana lysis that may affect the position of the '" cocoa butter l.,ine" . The 
constancy of this line should t herefore be ch~cked rout i nely. 

~ --· 

~ 
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1o. Check on the position of the CBE band 

The position of the CSE band in the ~ CS4•{x) - ~ CSo•(y) coordinate system 
is predetermined with this analytical method (see Figure 1 and 14.3. and 
14.4.). If the position of the "cocoa butter line" meets the conditions 
gi~en in 9.2. and 9.3., it may be assumed that the position of the CSE band 
as defined fn this procedure is also in conformity with t~e analytical 
conditions. If necessary, the position of the CSE band can be checked by ' 
analysing suitable CSE samples. 

11. Determination of the factor FHF for calculating the milk fat content from 

the sum : C4o + S C42 + S C44 

11.1. Mixtures of known milk fat content {about 2oS) are made by melting a 
cocoa butter of known triglyceride composition (normalisation: ~ C4o + 

S C42 + •• . + ~ CS6 • 1oo,o%) together with any milk fats, the mixtures 
are analysed by the methods of 8.2. or 8.3. and the results are normalized 
in accordance with 8.5.2. 

11.2. The factor 
% MF 

FMF • ! C4o + % C42 + : C44 

where: MF ~ milk fat content of the mixture in : by weight and : C4o, 
: C42 , : C44 are the peak areas :, is calculated to two places of decimals 
for each of the fat mixtures. The factors are ave~oed and quoted to one 
place of decimals; they should lie betwee~ and 5, 

11.3. At least 6 mixtures with different mi lk fats should be analysed to cél cul ate 
a mean value for the factor FMF' 

12. Milk fat correctionsof% CSo•,: C52• and: C54* prior to calculatino 
the NCBF (CBE ) content 

12. 1. It is convenient todetermine the correction using the same triglycerioe 
analysis data as were used to calculate the factor FMF (see 11.1.). 

12.2. As the calculation is made for the normalized triglyceride values: C~•·· 
: C52* and: C54*, it is necesséry to assume a mean value for the cor.:r:~t 
of : CSo, : C52 and : C54 trig lycerides in the mi lk fats; the mean ~ c: o • 

-. 

......,..", .......... .!l'lf..,,--~~~:~· ,.,~.tq~.- ........ . ' ~· ... ..... ; 1, .. ... -.. ' • 1 " ... .. .. ..... .. .,~~-
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~ C52 + : C54 content of the ~ fats is taken to be 2~~ -

12.3. The milk fat correction for the triglycerides: CSo*,: cs2• and: C54* 
for each 1~ milk fat are calculated from the following formula (taking 
S cso• as example): 

s cso•cs•HF ) ., cso• ·a ·b (a·b+c·d - ~ CB ~ S CSo*K 

where : CS~'cs•HF • Peak area : CSo* for the cocoa butter/milk fat mixture 

: cso•cs 

: HF 

a 

b 

c 

d 

: CSO\ 

• Peak area : CSo• for the cocoa butter in the mixture 

• Hilk fat content of the mixture in : by weight 
% CSoCB + : C52CB + % C54CB 

00 

(: CSocs• : C52cs and : C54c8 : peak areas :of 
the corresponding cocoa butter triglycerides; 
normalisation:: C48 + •• • : CSS a 1oo,o: ) 

• 1oo - : MF . . 
00 

~ cocoa butter content of m1xture 1n 
: by weight 

• : HF/ 1oo 

: CSoMF + : C52MF + : C54MF 
• .o.28 = 1oo 

(: CSoMF' : C52MF and : C54MF: peak areas : of 
the correspondi ng milk fat tri glycerides; 
normalisation: : ~ ... :; C56 z 1oo,o:) 

c Correction for the tri glyceride val ue : CSo* for each 
1:: mi lk fat. 

The correcti ons : CS2•K and : CS4•K are calcul ated by replacing : cso•CB+MF 

in above formula by : CS2•CB•MF and :: C54*cs.MF' respectively, and 
% CSo*cs by :: C52*cs and : C54*cs• respectively. The corrections are calculated 
to three places of decimals. 

12 .4. The corrections are averaged for each type of triglyceride and the means are 
quoted to two decimal places . 

-----------·--- --

~ 
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13. Oetermination of the milk fat content of chocolate fats 

13.1. The milk fat content of a chocolate fat can be calculated from the sum 
1 C4o + 1 C42 + 1 C44 (normalisation 1 C4o + • •• 1 C56 • 1oo,o%) using 
the factor FMF (see 11), providing the chocolate fat contains noother 
fats containing C4o, C42 and C44 . In cases of doubt the milk fat content 
should be found by determining the content of C4 methyl ester fn the methyl 
esters of the total fatty acfds; other fats do not interfere with this 
determination. 

13.2. Ttië milk fat content fs calculated from the triglyceride data as 

% HFTG • (% C4o + % C42 + % C44) • FHF 

Relative to the total fat content of a chocolate, the milk fat content 
calculated in this way may be expected to deviate from the true milk fat 
content by up to : 1o% (relative) . 

13.3. The IUPAC method ••• (in preparation) is used todetermine the milk fat 
content from the C4 content of the total fat. 

The C4 methyl es ter content in the total fatty acid methyl esters of milk 
fat is taken as 4,o : o,4 %. 

The milk fat content determined by this method is denoted "% MFc4". 

14. Ca lculati on of the NCSr (CSE) content of cocoa butter and chocolate fats 

14.1 • ~: ~ : k fat correct i or.! 

14.1.1. ihe: CSo•5,% cs2~5 and: C54*s values of the milk·fat-containing 
cnocolate fat to be analysed are corrected using the corrections 
fc~ each 1% milk fat calculated as in 12. T~e milk fat content is 
cetermined in accordance with 13. 

The milk-fat-free values of : CSo* , 1 C52* and : C54* are calculated 
"sing the following formula (for% CSo•5 as example) 

~ cso•5 · (as ·b+c·d) ::; HFs·% CSo*K •:; CSo~K 
as.o 

.., ... ~~·u 
·- • ..,y..t, • •. ' ' r ··- ( 

.· where % cso• s 

::; CSo*K 
::; MFS 

as 

b 

C · 

d I 

::; csdfsK 

- J :. -
fl l I ~(""'/-

• Peak ar, CSo* for the ~e fat containing 
....., chocolate 

• Correction per 1% milk fat for % CSo* 
• Milk fat content of the chocolate fat in::; 

(either % MFTG or % MFc4; see 13) 
• o,98 (estimated value of the quantity used in 

12.3., whose precise value is not known in this 
case) 
1oo - % HF5 

lOu 
,. " ~ cocoa butter content of the 
chocolate fat, ::; by weight 

,..~..J 

• ::; HF511oo 

c o, 28 (see explanation of terms in the formula of 
12.3.) 

• Peak area% CSo* in the milk-fat- f ree component 
of t he chocolate fat 

14.1.2. The corrected triglyceri de values::; C52*sK and% C54*sK are calculated 
by replacing the value % CSo•5 in the above formula by % C52*s and 
::; C54*s• respectively, and the value % CSo*K by % C52*K and % C54*K, 
respectively. 

14 . 1. 3. The corrected peak area% values for::; CSo*SK'% C52*sK and: C54*sK 
are calculated to one decimal place. 

See a 1 so No te .3 
' :::. 

14.1.4. Approximat e corrected pea k area% vèlues for% CSo*SK'::; C52*sK and 
::; C54*sK can also be calculated by t he following metho=: 

The terms::; MF
5

• o,12,::; MFç o,13 ör.::; MFs· o,o8, r<:;'>:Ctiveley , 
are subtracted from the triglycerid;; data of the c hoc~ ·. ö :e fat: 
% cso•5 ,::; CSZ*s and. ::: C54*s· The corrected values for t he three 
triglycerides are normalized in accordance with::; CSo• • ::; C52* +::; C54* • 
1oo,o:, so giving approxima te values for the corrected values ::; CSo*SK' 
!. C52*sK and::; C54"sK calculated by 1~ . 1. 

Example of calculation 

MilK fat content of the chocol ate fët pr.ase (% MF5) ~ 2o ,o: . 

Corrections for mi 1K fat: 

cso• = 2c.c·~.12 & 2,40 
C52* ~ 2o .' · ~ , 13 • 2 ,6o 
CS4• = 2c,:·D,o8 • 1, 6o 

- - - --· _J 

~ 
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: CSo• : CS2• ~-

Chocolate fat containing 
milk fat 22 ,4 41,8 35,8 
Corrections for mille fat -~ -~ -~ 

2o ,o 39,2 34,2 

Hilk-fat-free chocolate 2o,o/o,g34 Jg,2/o,g34 34,2/o,g34 
• 21 ,4 • 42,0 • 36,6 

14.2. Other corrections 

14.2. 1. Chocolate and milk chocolate normally contain up to o,S% soya lecithin, 
and commercial soya lecithins contain about 4o% soyabean oil . Chocolate 
fat can therefore contain about o,S-1: soyabean oil depending on the fat 
and lecithin content of the chocolate . . The soyabean oil content of 

chocolate fat arising from added lecithins may be several times this level 
in certain chocolate products like chocolate flakes for which a phosphatide 
content of up to 1% is permitted and in chocolate with an ·extremely low fat 
cont ent. In such cases the triglyceride datas of the chocolate fat must be 
corrected · ' allow for its possible soyabean oil content. Each 1% of soyabean 
oil contributes o,2 : C52* and o,a: C54. The corrections are made by the same 
procedure as in 14 . 1.4. They are best applied aftera correction for mille fat. 
It shoul~ be noted that any soyabean oil content in the milk· fat-free tri­
glycerides : CSo•SK' : C52*sK and: C54*sK must be multiplied by 100-: MFs 
to obtain the soyabean oil content of the total fat. loo 

The soyabean oil content of chocolate fat can be estimated fro~ an analysis 
of the fatty acid methyl esters {: C18:2 for cocoa butter: about 3,5%, 
: ·c18:2 for soyabean oil: about 52%). It may be useful todetermine the 
phosphatide content of the chocolate as well, because this provides 
information on any addit i on of lecithins and hence on a pos ~ i ble soyabean 
oil content. 

14.2 .2. Chocolates made with added hazelnuts, almonds, peanuts, soya f l eur and/or 
other foods that contai n fats will also contain these fats. Appropriate 
corrections to the triglyceride va l ues can be made if it is possible to 
determine the level of t hese fats in the total fat of the cnocolate. 

Chocolates to which such foods are added contain the corres~~nding proteins 

- • ? -

as well as the fats, so thl .s present can be identified indirectly by 
means of specific detection of the proteins concemed (e :g. by immunochemi cal 

methods). 

14.2.3. In the case of the shells of filled chocolates with fillings that contain 
fat , migration of the fat from the filling into the chocolate coating is a 
regular occurrence. This can change the triglyceride composition of the 
t otal fat in the coating so much that it. is not possible t o use triglyceride 

analysis to determine a CSE content. 

14.3. Graphical evaluation of the triglyceride analysés (see Fiqure 3) 

14.3.1. The CSE band is drawn in a: C54*(x)/% CSo*(y) coordinate system. The end­
points of the upper and lower boundaries of the CBE band are given by the 

following coordinates: 

Lower boundary: : C54* : o; : CSo* = 7o 
% C54* • So; % CSo* = 0 

Upper boundary: : C54* • o; : CSo* = 84 
: C54* c 94; % CSo* • 0 

14.3.2. The "cocoa butter l i ne" (see 9) is also entered in the coordinate system. 
This is done by plotting the 6 pairs of values "% CSo*; : C54*", calcu­
lated as described in 9, in the coordinate system. The best straight line 
(the "cocoa butter 1 i ne.") a~ judged by eye is drawn through the 6 points. 

Three points (C82, C81, C63) are marked on this best straight line : 

(a) mean value: C54* •: CS4 ·c62 

(b) mean value : C54* + 3% = % C54*cs1 

(c) mean value : C54* - 3~ = ~ cs~·caJ 

The corresponding values for • cso•c62 , : cso•cal and: CSo*caJ are read off 

on the : cso• - axis and note: . 

14.3.3. The corresponding values of~ C52* are t hen calculated and noted : 

--

~ 
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(a) ~ csz·csz • 1oo,o - % C54*csz - % cso•csz 

(b) : csz•c81 • 1oo,o - % C54*cs1 - % CSo*cs1 
(c) : C52*cs3 • 1oo,o - % CS4•c83 - s CSo*cs3 

14.3.4. Th~ pair of values "% CSo•5; S C54*s" (or the triglyceride values 
correctedas described in 14.1 and 14.2) a~ plotted (S) and the 
c~rresponding con~nt of s csz•s not~d. 

14.3.5. S~raight lin~s ~~~ drawn from the points CB1, CB2 and CB3 on the 
cocoa butt~r line through the point S and extended to cut the upper 
and lower boundaries of the CBE band. · The points of intersecÜon 
are denoted A,B,C,O,E and F, as shown in .Figure 3. 

14.3.6. The : CSo*- and % CS4•-coordinates at each point of intersectien are 
read off from the diagram and noted (% CSo*A• % C54*A; % cso•6, % C54*8 ••. 
S CSo*F• S CS4•F), and the correspo~ding values of S C52* are calculated: 

s csz•A • 1oo - : C54*A - : cso*A 

s csz•8 • 1oo - % CS4•8 - % cso•8 
: csz•c • 1oo - : C54*c - : CSo*c 

: csz•0 • 1oo - : cs4•0 - 1% cso•0 
S CSZ•E • 1oo- %_C54•E- 1% CSo*E 

S C52*F • 1oo - % C54*F - 1% CSo*F 

14.3.7. It may happeninsome cases that ene or mor< cf the points of i ntersectien 
A-F lie outside the first quadrant, i.e. lêft of the% CSo•-axis er below 
the: C54"-axis. These points of intersectien have negative (and therefore 
meaningless) % C54*- or% CSo•-coordinates. The f?llowing procedure is 
adopte~ : 

(a) The coordinates of points of intersectien with the lower or upper 
boundaries of the CBE band lying to the left of the S CSo•-axis are 
replaced by the coordinates of the end-point of the CBE-band boundary 
concerned (lower boundary : % CSo• • 7o,o; % C54* • o, from which we 
have for the calculations in 14.3.8.:: C52" • 3o,o; upper boundary: 
% CSo• • 84, o; % C54* = o, from which we have for the calculations 
in 14.3.8: % C52* • 16,o). 

(b) The coordinates of points of intersectien with the upper or lower 
_____ bounda~ies of t~e CBE band lying beneath the % C54*-axis are replaced 

:~ -

by the coordinates of ~-~ end-point of the CBE-band boundary 

concerned (lower bounoo•y: % C5o* = o; % CS4* " 8o,o, from 
which we have for the calculations in 14 .3.8.: % C52* • 2o,o; 
u·pper boundary: % CSo* • o; % C54* • 94,o, from which we have 
for the calculation in 14.3.8.: % C52* • 6,o). 

14.3.8. The values· forS NCBF (CBE) in the total fat or in the milk-fat­
free component of the · total fat corresponding to the 6 points of 
intersectien are then calculated: 

% C52*cs1- S C52*s .. (1oo-% MFs Î•% NCBF (CBE)A 
; c52*cs1 - : C52•A · 

: csz·ca1 - s csz•5 
~ c52*cs1 - : csz·8 
: csz·csz - s csz•5 
~ c52*csz - i csz•c 

: csz·csz - : csz•5 
i c52*csz - % c52·0 
: csz•c83 - s csz•5 
~ csz·cs3 - % csz•E 

_ (1oo - S MF5)=% NCBF (CBE)8 

(1oo - % MF5)= % NCBF (CBE)C 

(1oo - % MFs)= % NCBF (CBE)0 

(loo - % MF5)= % NCBF (CBE)E 

S C52*cs3 - % CSZ*s . (loo _ % MFs )= % NCBF (CBE)F 
% c52·cs3 - % csz·F 

14.3.9. If the contents of fa~s ether than mi l k fat in the chocolate fat 
have a 1 so been determi ned, the express i on " ( 1 oo - : MF 5)" in the 
equations of 14.3.8. should be appropriately modified. For instance, 
if a soyabean oil content (• % so5~ been determined and al lowed 
for by appropriate correction of the triglyceride values, the expression 
~l ~ ;; so5)" m11st he used i n the calculations . 

14 .3. 1o . The arithmetic mean of the 6 NCSF (CBE) values is found: 

;; NCBF(CBE)A + ••• % NCBF (CBE)F =% NCBF(CBE)M 

and so is the diff~rence between the highest and lewest % ~CBF(CBE) 
values, divided by 2: 

: NCBF(CBE)ma - : NCBF(CBE) i 
x mn 1 o : 

. -· - - --- .. - -- - -----· ·--- ·---~ 

1..-..-
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The NCBF(CBE) content of the total fat , in S by weight, is th 

: NCBF(CBE)M.~ D S 

14.3.11. The NCBF(CBE) ~ontent of a chocolate with fat content F S is 
found from 

: NCSF(CBE)M · F %/1oo : D % · F %/1oo 

14.4. Computational evaluation of the triglyceride analyses 

' . 14.4.1. If there is a frequent need to evaluate quite large numbers of analyses 
or if 1t is des1red to imprave the accuracy, it is best to use a 

programmable calcula~or for the computational evaluation instead of 
a graphical interpretation. 

The principle of this evaluation is described briefly below. 

14.4. 2. The following quantities are given: 

(a) The gradient band intercept on the axis 'a of the upper 
(subscript U) and lower (subscript l) boundaries of the CBE 
band: 

au E 84,o; bu • - o,894 

al • 7o,o; bl E - o,875 

(b) The% C5o* and : _C54* coordinates of the three points CB1, CB2 
and CB3 on the "cocoa butter line" (see 14 . 3.2.). 

(c) The % C5o•5 , % C52*s and : C54*s values for the fat sample S, 

1f necessary corrected for the milk fat content, etc. 

14 .4.3. The following quantities have to·be calculated: 

(a) The gradients bi and intercepts on the axis a1 of thE three 
straight lines (1 ,2 ,3} that pass through the points CB1 or 
CB2 or 'C83 on the "cocoa butter 1 ine" and the point S (see Figure 3): 

1 l:xy- n. 
b • . :-:----1 
; Ex -". 

l:X ' . l:y 

(l:x ,. 

a; • l:y/n - b; . l:x/n 

• . i ,2 ,3 

i E 1,2·,'3 

x • : C54*; y = % C5o• / n •· 2 

.· 
? l -

(b) The: CSo• and s Cf coordinates of the points of intersectien 
of the lines 1,2 ana 3 wi th the lower and upper boundaries of 
the CBE band. 

For the point of intersectien A (see Figure 1): 

% C54*A • a, - al 

~ 
% CSo*A E al~ bl • % C54*A 

% C52*A is given by 

% C52*A a 1oo,o - % C54*A - % CSo*A 

The remaining points of i ntersectien are calculated i n a s imi l ar way 
by substituting a2, a3, b2, b3 and bu in the above fonnulae . 

14.4.4. The values for: NCBF( CBE) are calculated using the ca l culated values 
of% C52*A • • . % C52*F • as indicated in 14 .3.8.-14. 3.1 1. 

14 .4.5. The procedure of 14.3.7. is adopted when the fonnulae of 14.4.3. give 
points of intersecti en wi th negative % C54* or % CSo coordinates. 

14.4 .6 . The equations given in 14.4 . 3. cannot be used if it shoul d by chance 
happen that exactly equal values of % C54* or% CSo• are obtained for 
t he test fat sampleS and one of the three points CS1, CBZ and C83. 
However, this possibi l ity is practically excluded i f the triglyceridE 
analyses are evaluated using a programmable calculHrr and there is r.: 
rounding off unti l the ca lculation of the values o~ ~ NCBF (CBE) . 

15. Repeatability rand reproducibi lity R of the trigl yceride analyses 

Ty pe of 
t riQlyceride Range 

c 40 
42 
44 
46 
48 
5o 
52 
54 
56 

1- 2% 
1-2% 
1-2% 
1- 2: 
1-3% 

16-43 
4o-48 
29-36 
1-2 

r 

0,2 
0,1 
0 ,1 
0 ,1 
0,2 
0,3 
0 ,5 
o,S 
o,2 

R 

o,6 
0 ,4 
0,4 
o,6 
1 ,o 
2,o 
2,6 
2,8 
1 ,3 

-· .... - - - ---·- --- -~~----- ------------- -·-- - ---------· --

~ 



............ ,... ......... ~ ....... ~--.......... ____ l·-- ·· ~~ .. -···•......,.....,..._ .... ...,...~..,.~· .... ,_.._7_._:..,..-·."-~·--r-.~~;-.!'='lf~.:.:?',; ' '"- ···l .. . " ~~-· ~. ., .. ,, ... J • u -· 

- 2~ -
16. Hints for the evaluation 

16.1. Application of the method descr ibed to chocolate fats containing only 
cocoa butter or only cocoa butter and milk fat gives NCBF(CBE) contents 
of o ~ 3:; for chocolate with a fat content of 3o%, this gives an NCBF 
(CSE) content of o ~ 1% for the chocolate itself. NCBF(CBE) values within 
this range ~bould be interpreted as "blank values" unless móre detailed 
analyses are performed. 

·16.2. If the method gives points of intersection with the boundaries of the 
CBE band (see 14. 3.) that lie in the upper left part of the CSE band 
(% 'C5o: 7o-8o%,% CS4: 2-6%), the CBE present is in all probability a 
palm oil mid fraction. In such cases the contents of the C48 triglyceride 
and of the C14 and C16 fatty acids generally also show a distinct increase. 

16.3. If· the method gives points of intersectien with the boundaries of the 
CBE' band (see 14.3.) that lie in the lower right part of the CBE band 
(e.g. % C5o: 2-1o:; % CS4: 75-85%), the NCBF(CBE) present is generally 
a vegetable oil (e.g. hazelnut oil from finely chopped hazelnuts), but 
could also be sal fat (CBE) or a mixture of vegetable oils with sal fat. 
The presence of shea stearine (CSE) in such cases is unli~ely, as this 
CBE is generally used only as a mixture with palm oi l mid f raction . 
Vegetable oils (e.g . bazelnut oil) can be recognised from their high 
C18:1 and C18:2 contents and their high contents of 000- and COL- type 
triglycerides . 

The presence of sal fat results in an increased content of C56 and C58 
triglycerides and of C2o fatty acid. Shea stearir.~ can be detectec' from 
the butyrospermol content in its unsaponifiabl~ mätter. 

16 .4. lf the points of intersectien do not lie at the ends of the CBE band, 
the CBEs present are generally mixtures of palm oil mid fraction and 
shea steari ne and/or sal fat and/or fats of the il lipe group, possibly 
mixed with .nazelnut oil or ether vegetable oils from ether added foods . 
In such cases the evaluation should be carried out in accordance wi th 
16.2. and 16.3 .. 

16.5. If the analysis for NCBF(CBE) content yields a range which - relative 
to the chocolate - includes the content of s:, further investigations 
are not generally necessary wnen the object is to determine whether or 
not the 5~ l1mi t has been exceeded. 

.· 
- 2: -

16.6. Figures 4-6 (triangle di agr . ) faci litate the evaluation of triglyceri de 
and fatty acid analyses and give indications of the possible presence of 
certain fats. 

17. Notes 

NLI!Ibers in round brackets in the notes that follow refer to the 
correspondingly numbered section of the analytical procedure. 

!ill....! 

The method described in based essentially on the following studies or 
publications: 

a) C. Young:_ J . Am . Oil Chem. Soc • .§.!. (1984) 576 
b) F.B . Padley and R.E. Timms: Chem. and Ind. 2. Dec. 1978 
c) F.B. Padley and R.E. Timms: J. Am. Oil Chem. Soc. ~ (198o) 286 
d) A. Fincke: Dtsch. Lebensm. Rdsch. 76 (198o) 162 
e) A. Fincke: Dtsch. Lebensm . Rdsch . 76 (198o) 187 
f) A. Fincke: Dtsch . Lebensm. Rdsc h. 76 (198o ) 384 
g) A. Fincke: Dtsch. Lebensm. Rdsch. 78 (1982 ) 389 
h) A. Fincke: GdCh-Fortb i ldungs kurs , Münster, 6./7.1o. 1981 
i) CAOBISCO, Results of second ring test on the determination of CBE; 

1981/82 

~ 
CBEs containing fairly large amounts of palm oil mid fraction generally 
have a C46 peak. Peaks for C56 and C58 are indicative of t he presence of 
groundnut oil (including hardened groundnut oil) or sal fat . The C6o peak 
can generally also be detected when groundnut oil is present. 

Note ; 

The factor as • o,98 is basedon t he assl,;-:',n ion that in cocoa butter whose 
triglyceride data are normal i zed to ·: C4~ • : C5o + : C52 + : C54 + : C56 + 

: C58 • 1oo,o:· , 98: is accounted for by t he sum: C5o +: C52 •: C54. 

~- -·- - --· ___ .__ ·- .... _." -- -- ------- . 
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.BIJLAGE . . JII 

Results of RIKILT 

1. Cocoabutter line: gradiént b • -o. 776 
intercept a • 45.24 

2. Milkfat correction factor FMF: 
G 4.38 

4.59 
4.38 
4.16 
4.50 

L 4.25 

3. Milkfat correction for the triglycerides CS0*- 54* for each percent 
milkfat, assuming that the samples G-L are made with a mean mixture of 
A- F cocoabutter samples! 

C50*K = O.ll 
C52*K -= 0.09 
C54*K "' 0.08 

( 
4. Percentage CBE calculated by means of computational evalustion of 
the triglyceride analysis (Percentages on total fat content.) 
and: 
Percentage of milkfat content. 

Sanple 1 2 3 4 5 6 7 8 9 
NQ3F A -1.42 -2.00 19.72 U.69 20.98 17.88 11.18 20.17 26.54 
NGBF B -0.93 -0.81 11.18 7.57 12.75 9.73 6.42 U.22 16.72 
Na3F C 1.11 1.18 20.28 13.89 22.07 18.80 U .18 21.05 27.34 
NOOD 0.71 0.72 U.66 8.56 13.63 11.35 7.46 U.95 17.40 
NCBF E 3.49 2.95 21.94 15.10 23.16 19.74 13.19 21.94 28.13 
NOO F 2.32 1.96 13.56 9.50 14.52 12.13 8.25 13.69 18.45 

NCBF Q1 0.88 0.66 16.64 11.22 17.85 14.94 9.78 17.00 22.43 
D 2.45 2.47 5.38 3.n 5.21 5.01 3.39 4.86 5.71 
Mil.kfat o.oo 14.55 0.00 o.oo o.oo 14.76 15.98 15.44 16.11 

r ( 
~1e 10 11 12 13 14 15 16 17 18 
NCBF A 48.49 38.77 39.79 18.19 -1.93 24.55 49.71 -1.37 11.55 
NCBF B 29.88 24.18 24.83 11.02 -o.78 15.47 30.66 -o.74 6.74 
Na3F C 48.99 39.40 40.41 19.32 1.41 25.38 50.21 1.62 U.56 
NCBF D ~.44 24.78 25.43 11.92 0.89 16.20 31.22 0.99 7.70 
NCBF E 49.48 40.03 41.02 20.45 3.69 26.21 50.~0 3.28 13.57 
N<llF F ~.99 25.39 26.04 U.83 2.46 17.31 31.78 2.18 8.49 

NCBF Q1 39.71 32.09 32.92 15.62 0.95 20.85 40.71 0.99 10.10 
D 9.80 7.93 8.10 4.72 2.81 5.37 10.02 2.33 3.42 
Mil.kfat 15.55 15.87 15.88 o.oo o.oo 15.25 14.25 15.34 15.59 
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Sample 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

% CBF 

99 

84 

83 

89 

82 

70 

74 

68 

62 

44 

52 

51 

84 . 

99 

64 

45 

84 

74 

CBE 

1 

1 

17 

11 

18 

15 

10 

17 

22 

40 

32 

33 

16 

1 

21 

41 

1 

10 

MF 

15 

15 

16 

15 

16 

16 

16 

16 

15 

14 

15 

16 



Total data 

Coeoabutter line. 
Samples A-F. 

Omni CB A CB B CB C 
eale. 

C40 
C42 
C44 
C46 
C48 
C50 16.39 17.45 17.39 17.80 18.45 18.71 
C52 41.49 45.05 44.62 46.57 45.59 45.57 
C54 29.96 32.88 32.73 33.39 31.62 32.04 
C56 

Totaal Totaal Totaal Totaal Totaal Totaal 
87.84 95.38 94.74 97.76 95.66 96.32 
lOOproe lOOproe lOOproe lOOproe lOOproe lOOproe 

C50* 18.66 18.29 18.35 18.20 19.28 19.42 
C52* 47.23 47.23 . 47.09 47.63 47.66 47.31 
C54* 34.10 34.47 34.54 34.15 33.05 33.26 

Omni CB D CB E CB F 
eale. 

C40 
C42 
C44 
C46 
C48 
C50 20.60 20.63 19.17 19.17 16.65 16.51 
C52 45.65 45.57 45.63 45,63 I 44.40 44.58 
C54 29.97 29.79 31.27 31.27 35.12 35.25 
C56 o.oo 

Totaal Totaal Totaal Totaal Totaal Totaal 
96.22 95.99 96.07 96.07 96.17 96.34 
lOOproe lOOproe lOOproe lOOproe lOOproe lOOproe 

C50* 21.41 21.49 19.95 19.95 17.31 17.13 
C52* 47.44 47.47 47.49 47.49 46.17 46.27 
C54* 31.14 31.03 32.55 32.55 36.52 36.59 
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Milkfat faktors. 
Samples G-L. 

Omni G H I J K L 
eale. 

C40 1.71 1.21 2.21 1.10 1.89 1.52 
C42 1.03 o. 71 1.28 0.60 l.ll 0.88 
C44 0.87 0.49 1.29 0.55 0.97 0.77 
C46 1.17 1.02 1.67 0.87 1.30 0.96 
C48 1.99 1. 77 2.57 1.51 2.17 1.85 
C50 16.79 16.21 16.33 17.42 16.70 17.06 
C52 38 . 27 39.77 36.33 40.62 37.22 38.87 
C54 27.51 28.73 25.64 29.23 26.72 28.07 
C56 

Totaal Totaal Totaal Totaal Totaal Totaal 
89.34 89.91 87.32 9.906 88.08 89.98 
lOOproe lOOproe lOOproe lOOproe lOOproe lOOproe 
1.91 1.34 2.53 1.19 2.14 1.69 
1.15 0.79 1.46 0.65 1.26 0.97 
0 .97 0.54 1.47 0.60 1.10 0.85 
1.31 1.13 1.91 0.94 1.47 1.06 
2.22 1.97 2.94 1.64 2.46 2.05 

18.79 18.03 18.70 18.95 18.96 18.96 
42.83 44.23 41.60 44.20 42.25 43.20 
30.79 31.95 29.36 31.80 30.33 31.19 

100.00 100.00 100.00 100.00 100.00 100.00 

% MF: 17.70 12.30 24.00 10.20 20.30 15.00 

C50* 20.33 19.13 20.85 19.96 20.71 20.31 
C52* 46.35 46.95 46.40 46.54 46.15 46.27 
C54* 33.31 33.91 32.74 33.49 33.13 33.41 

meao: 
C50*K 0.11 0.05 O.ll 0.13 0.12 0.12 0.65/6 0.11 
C52*K 0.09 0 .11 0.10 0.07 0.08 0.07 0.54/6 0.09 
C54*K 0.07 0.11 0.06 0.08 0.07 0.08 0.48/6 0.08 

FMF FMF FMF FMF FMF FMF FMF 
4.38 4.59 4.38 4.16 4.50 4.25 26.28/6 4.38 
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Mixtures Samples 1-9 

Omni 1 2 3 4 5 6 7 8 9 
calc. 

C40 1.38 1.45 1.55 1.51 1.54 
C42 0.87 0.87 0.91 0.91 0.86 
C44 0.72 o. 71 0.79 0. 75 0.89 
C46 1.04 1.20 1.13 1.14 1.31 
C48 0.88 2.00 0.69 0.98 1.33 2.52 2.28 2.47 2.25 
C50 17.63 16.99 24.50 20.26 21.22 23.57 19.57 21.08 13.55 
C52 43.59 38.48 40.30 40.64 38.82 35.38 35.95 34.45 31.68 
C54 31.69 27.79 28.65 30.99 31.55 24.17 26.89 27.58 37.36 

Total 93.79 89.37 94.14 92.87 92.92 89.87 89.07 89.89 89.44 

C40* o.oo 1.54 o.oo o.oo o.oo 1.61 1.74 1.68 1.72 
C42* o.oo 0.97 o.oo o.oo o.oo 0.97 1.02 1.01 0.96 
C44* o.oo 0.80 o.oo o.oo o.oo 0.79 0.88 0.83 0.99 
C46* o.oo 1.16 o.oo o.oo o.oo 1.33 1.27 1.27 1.46 
C48* 0.94 2.23 0.73 1.05 1.43 2.80 2.56 2.74 2.51 
C50* 18.79 19.01 26.02 21.81 22.83 26.22 21.97 23.45 15.15 
C52* 46.4 7 43.17 42.81 43.76 41.77 39.36 40.36 38.32 35.42 
C54* 33.79 31.09 30.43 33.37 33.95 26.89 30.19 30. 68" 41.77 

Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 

%MF TG o.oo 14.55 o.oo o.oo o.oo 14.76 15.98 15.44 16.11 
' .. 

Corr MF 
C50 18.79 17.41 26.02 21.81 22.83 24.60 20.21 21.75 13.37 
C52 46.47 41.86 42.81 43 . 76 41.77 38.04 38.92 36.93 33.97 
C54 33.79 29.93 30 . 43 33.37 33.96 25.71 28.91 29.44 40.48 
Total 99.06 89.20 99.26 98.94 98.57 88.35 88.04 88.13 87.83 

(Normalised on 100%) 
C50 SK* 18.97 19.51 26.21 22.05 23.17 27.84 22.95 24.68 15.23 
C52 SK* 46.91 46.92 43.12 44.22 42.38 43.05 44.20 41.90 38.67 ,r 

C54 SK* 34 .11 33.55 30.66 33.72 34.44 29.10 32 .83 33.41 46.09 

CB line cso C54 C52 
CB1 16.80 26.66 46.54 
CB2 19.12 33.66 47.21 
CB3 21.45 30.66 47.89 

Sample lines 
tangens 
Bl -0.85 -0.87 -1.57 -1.79 -2.87 -1.46 -1.61 -2.42 - 0.16 
B2 - 0.32 - 3.79 -2.36 44.94 5.14 -1.91 -4 . 65 -22.36 - 0.31 
B3 -0.71 - 0.66 -1893.20 0.19 0.45 -4.10 0.69 1.17 -0.40 

a beis C50 
Al 48.05 49.89 74.32 82.35 122.29 70.37 7 5.82 105.73 22.89 
A2 29.98 146.50 98.70 -1493.60 -154.03 83.55 175.83 771.84 29.65 
A3 43.45 41.91 58067.55 15.46 7.53 147.31 0.21 -14.55 33.80 
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Mixtures Samples 10 t/m 18 

Omni 10 11 12 13 14 15 16 17 18 
calc. 

C40 1.51 1.50 1.51 1.50 1.34 1.48 1.50 
C42 0.89 0.93 0.91 0.88 0.89 0.91 0.89 
C44 0.80 0.79 0.83 0.75 0.73 0.76 0.78 
C46 1.05 1.20 1.14 1.19 1.19 1.14 1.17 
C48 2.60 2.30 2.20 1.44 0.92 2.15 2.58 2.22 2.16 
C50 22.53 16.58 16.54 21.00 17.80 13.67 22.40 17.11 19.52 
C52 28.29 29.23 29.29 39.48 43.71 32.53 28.46 38.49 35.95 
C54 32.47 36.33 37.22 31.30 31.77 37.21 33.37 27.84 27.10 

Tota1 90.14 88.86 89.64 93.22 94.20 89.88 90.96 89.95 89.07 

C40* 1.67 1.69 1.68 o.oo o.oo 1.67 1.47 1.64 1.68 
C42* 0.98 1.04 1.01 o.oo 0.00 0.98 0.98 1.01 1.00 
C44* 0.88 0.89 0.92 0.00 o.oo 0.83 0.80 0.84 0.87 
C46* 1.16 1.35 1.27 o.oo o.oo 1.32 1.31 2.46 1.31 
C48* 2.88 2.59 2.45 1.54 0.97 2.39 2.83 2.46 2.42 
C50* 24.99 18.66 18.45 22.52 18.69 15.21 24.62 19.02 21.91 
C52* 31.38 32.89 32.67 42.35 46.40 36.19 31.29 42.79 40.36 
C54* 36.02 40.88 _41.52 33.57 33.72 41.40 36.68 30.95 30.42 

Tot al 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 

%MF TG 15.55 15.87 15.88 o.oo o.oo 15.25 14.25 15.34 15.59 

Corr MF 
C50 23.28 16.91 16.70 22.52 18.89 13.53 23.06 17.33 20.20 
C52 29.98 31.46 31.24 42.35 46.40 34.82 30.00 41.41 38.96 
C54 34.77 39.61 40.25 33.57 33.72 40.18 35.54 29.72 29.18 
Tot al 88.04 87.99 88.20 98.45 99.02 88.53 88.61 88.46 88.33 

(Normalised on 100%) 
C50 SK* 26.44 19.22 18.94 22.88 19.08 - 15.28 26.02 19.59 22.86 
C52 SK* 34.05 35.76 'I 35.42A "43.01 46.86 39.33 Ä 33.86 46.80 44.10 
C54 SK* 39.50 45.02 45.63 34.10 34.06 45.38 40.11 33.59 33.03 

CB line C50 C54 C52 
CB1 
CB2 
CB3 

Sample linea 
tangens 
B1 3.39 0.29 0.24 -2.38 -0.87 -0.17 2.67 -0.91 -1.67 
B2 1.25 0.01 -0.01 8.48 -0.09 -0.32 1.07 -7.65 -5.95 
B3 0.56 -0.15 -0.16 0.41 -0.69 -0.42 0.48 -0.63 0.59 

a beis C50 
Al -107.74 6.18 8.06 . 103.99 48.96 23.17 -81.04 50.25 78.08 
A2 -23.10 18.82 19.63 -266.44 22.30 30.13 -16.87 276.59 219.53 
A3 4.12 26.21 26.59 8.71 42.81 34.29 6.62 40.81 3.11 
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Mixtures Samples 1-9 

Omni 1 2 3 4 5 6 7 8 9 
ca1c. 

%C54 A 80.00 o.oo 6.22 13.53 26.11 0.64 7.92 23.04 66.46 
%C54 C 72.45 26.31 19.27 34.12 37.22 13.04 27.99 32.66 71.77 
%C54 E 80.00 80.00 30.65 50.96 47.00 23.93 44.51 41.26 76.68 
%C54 B 94.00 94.00 o.oo ·0.00 19.30 o.oo o.oo 14.18 83.97 
%C54 D 94.00 21.65 10.00 34.42 39.42 o.oo 24.41 32.04 93.51 
%C54 F 94.00 94.00 30.64 62.29 56.73 19.71 52.80 47.65 94.00 

%C50 A o.oo 70.00 64.55 58.16 47.15 59.44 63.06 49.84 11.84 
%C50 C 6.60 46.98 53.13 40.14 37.43 58.58 45.50 41.42 7.19 
%C50 E o.oo o.oo 43.18 25.41 28.87 49.05 31.05 33.89 2.90 
%C50 B o.oo o.oo 84.00 84.00 66.74 84.00 84.00 71.31 8.93 
%C50 D o.oo 64.64 7 5.06 53.23 48.75 84.00 62.17 55.35 0.39 
%C50 F o.oo o.oo 56.60 27.74 33.28 66.37 36.79 41.40 o.oo 

%C52 A 20.00 30.00 29.22 28.31 26.73 29.92 29.01 27.12 21.69 
. %C52 C 20.94 26.71 27.59 25.73 25.34 28.37 26.50 29.51 21.03 
%C52 E 20.00 20.00 26.17 23.63 24.12 27.01 24.43 24.84 20.41 
%C52 B 6.00 6.00 16.00 16.00 13.95 16.00 16.00 14.49 7.10 
%C52 D 6.00 13.70 14.94 12.35 11.82 16.00 13.41 12.60 6.08 
%C52 F 6.00 6.00 12.7 5 9.33 9.98 13.91 10.40 10.95 6.00 

NCBF A -1.42 -2.00 19.72 12.69 20 .98 17.88 11.18 20.17 26.54 
NCBF B -0.93 -0.81 11.18 7.57 12.7 5 9.73 6.42 12.22 16.72 

! . NCBF C 1.11 1.18 20.82 13.89 22.07 18.80 12.18 21.05 27.34 
NCBF D 0.71 0.72 12.66 8.56 13.63 11.35 7.46 12.95 17.40 
NCBF E 3.49 2.95 21.94 15.10 23.16 19.74 13.19 21.94 28.13 
NCBF F 2.32 1.96 13.56 9 . 50 14.52 12.13 8.25 13.69 18.45 

Meao 
NCBF GM 0.88 0.66 16.64 11.22 17.85 14.94 9.78 17.00 22.43 
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Mixtures Samples 1-9 

Om ui 10 11 12 13 14 15 16 17 18 
calc. 

%C54 A 41.60 54.80 55.63 22.61 o.oo 66.78 42.62 o.oo 10.15 
%C54 c 43.72 57.90 58.58 35.95 61.11 72.77 44.68 30.49 29.44 
%C54 E 45.74 60.84 61.37 47.49 80.00 78.27 46.65 80.00 45.40 
%C54 B 44.68 65.74 67.06 13.46 94.00 84.45 46.32 o.oo o.oo 
%C54 D 49.85 72.19 73.24 37.37 77.17 94.00 51.38 28.51 26.78 
%C54 F 54.74 78.22 79.04 57.49 94.00 94.00 56.17 94.00 54.21 

%C50 A 33.59 22.05 21.32 50.21 70.00 11.56 32.70 70.00 61.12 
%C50 C 31.74 19.33 18.74 38.54 16.52 6.32 30.90 43.31 44.24 
%C50 E 29.97 16.76 16.30 28.44 o.oo 1.51 29.18 o.oo 30.27 
%C50 B 44.05 25.22 24.04 71.96 o.oo 8.49 42.59 84.00 84.00 
%C50 D 39.43 19.46 18.52 50.59 15.01 o.oo 38.06 58.51 60.05 
%C50 F 35.06 14.06 13.34 32.60 o.oo o.oo 33.78 0.00 35.53 

%C52 A 24.80 23.15 23.04 27.17 30.00 21.65 24.67 30.00 28.73 
%C52 C 24.53 22.76 22.67 25.50 22.36 20.90 24 .41 26.18 26.32 
%C52 E 24.28 22.39 22.33 24.06 20.00 20.2i 24.17 20.00 24.32 
%C52 B 11.26 9.03 8.89 14.57 6.00 7.04 11.09 16.00 16.00 
%C52 D 10.71 8.34 8.23 12.04 7.82 6.00 10.55 12.97 13.16 
%C52 F 10.19 7. 70 7652 9.90 6.00 6.00 10.04 6.00 10.25 

NCBF A 48.49 38.77 39.79 18.19 -1.93 24.55 49.71 -1.37 11.55 
NCBF B 29.88 24.18 24.83 11.02 -0.78 15.47 30.66 -0.74 6.74 
NCBF C 49.99 39.40 40.41 19.32 1.41 25.38 50.21 1.62 12.56 
NCBF D 30.44 24.78 25.43 11.92 0.89 16.20 31.22 0.99 7.70 
NCBF E 49.48 40.03 41.02 20.45 3.69 26.21 50.70 3.28 13.57 
NCBF F 30.99 25.39 26.04 12.83 2.46 17.31 31.78 2.18 8.49 

Meao 
NCBF GM 39.71 32.09 32.92 15.62 0.95 20.85 40.71 0.99 10.10 
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