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' CODEX ALIMENTARIUS

FAO | [ WHO

Headquarters is in an?/; ;\I:Ieadquarters is in Geneva

Codex Alimentarius Commission (CAC)




JECFA

¢ The Joint FAO/WHO Expert Committee on
Food Additives

o 1987 Joint FAO/WHO Expert Committee on
Food Additives (JECFA)

http://www.fao.org/gsfaonline/additives/index.html
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Preservatives

Nutritional supplements

Flavc-ri:nga gents

Colorings

Texturing agents

Miscellaneous
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International Numbering System of Codex
Alimentarius (INS)
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LD, (/Kg body weight

substance

200mg

Caffeine

100ng

Botulinum

toxin

40¢g

Sodium chloride

Toxicity Level

Extremely Toxic

Highly toxic

Moderately toxic

Non Toxic
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REGULATION

¢ monellin has no legal status in the European Union or
the United States.

¢ However, it is approved in Japan as a harmless additive,

ud
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Table 8.8. Taste of some guanidines (Formula 8.12)

R R' R* Joac,2(2)

p-Cyanophenyl H Carboxy- 2700

Benzyl et 30,000 N H R l

Phenylsulfonyl 45,000
I-Naphthyl 60,000
Cyclohexyl 12,000
Cyclooctyl 170,000

Cycl | 200,000
3.5-Dichloro- Bﬁﬁzﬁ’f’iﬂ"” 80,000 \\ N H R2

phenyl Cyclooctyl 60,000
p-Cyanophenyl Cyclohexyl Tetrazolyl- 400
methyl
Cyclooctyl 5000°

zfsac,g{4j*
[sac,g(5).
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the FDA removed all restrictions from aspartame,
allowing it to be used in all foods.
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TABLE 3 Relative Sweetness of Some Intensely Sweet Substances

Substance
Acesulfame K
Alitame
Aspartame
Cyclamate
Glycyrrhizin
Monellin
Neohesperntin dihydrochalcone
Saccharin
Stevioside
Sucralose

Thaumatin

Relative sweetness values?®
(sucrose =1, weight basis)

200
2000
180-200

30
50-100
3000
1600-2000
300—-400
300
600800

1600—2000

*Commonly cited relative sweetness values are listed: however, the

concentration and the food or beverage matrix may greatly influence actual

relative sweetness values for sweeteners.




Emulsifiers

Emulsifiers have the following general
molecular features

Q Polar head, likes water

Non-polar tail, likes oil

82



EMULSIFIER

Mayonnaise

Emulsifier  Hydrophilig

'gyoup

Margarine

f
Hydrophobic group
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Action of Emulsifiers

/
/

/ - promoting the formation
of an emulsion,
- making it edsier to prepare,
- producing finer droplet size,
- aiding stability to the dispersed
state

controlling the type of emulsion that is
to be formed: oil in water (O/W) or
water in oil (W/O)
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CHEMICAL STRUCTURE OF EMULSIFIERS

Phospholipids (Lecithin)

|
CHr O- C—(CH)is CHs
0

1]
?Hg o CH— O— Cq (CH)14— CHs
Il
CHs |I\l+— CH— CH;~ O— |P‘ OG- CH

CHy o-

Hydrophobic

- (fat-soluble)
Hydrophilic (water-soluble)

Mono-Glycerides (mono-stearate)

(0]

1]
CHy— O— C~ (Ch)1s— CHs
|

HO— CH

HO— Ch Hydrophobic
Hydrophilic

Di-glycerides (di-stearate)

CH;— O— |C (CH)16~ CHs
|
?H— o IC (CH)16~ CHs
HO— ChH .
| Hydrophobic
Hydrophilic
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Span 60 (sorbitan mono-stearate)

O 0

/' \ I
H2C CH —<€H Z—O—C CH 2)16_ CH 3
| |

HO —HC CH —OH

\C\/ Hydrophobic
H/ OH

Hydrophilic

Tween 60 (polyoxyalkylene sorbitan mono-stearate)
0]

H2C CH —€H Z—O—C CH 2)16_ CH3
| |
N Hydrophobic
C

CH,

|
O—CH 2 CH 2 O—CH Q—CH 20H

O—CHz CH,0OH

Hydrophilic
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Hydrophilic-lipophilic balance (HLB)

* A practical (arbitrary) scale defining the relative balance between
hydrophilic and lipophilic character of a surfactant

* Used mainly for non-ionic detergents
* Two definitions in use

- Griffin’'s method: HLB=20xM /M (where M, is the molar mass of the

hydrophilic part of the molecule and M the molar mass of the whole
molecule)

Davies' method: HLB=7+n -n (n: number of hydrophilic groups, n:
number of lipophilic groups)




(hydrophilic ; lipophilic balance ) HLB Value

g (pdug d5b asuie gl (315 5leg S0 Camdy 5l Ly SO ST 60 slenl 5 )b
28,5 atin b placdsHLB -l
Sguimn 0318 plaiZl Ve b a0 jlose SO Sy y» wHLB bl

S i blos a5 SLuS 5 4 SYL olaely ool olacl o ls 2g, 0 Jalowe WL 5.
S 0l Qo 5 8 do (S 5 (Bedigdh o oold olaisl &l Ol o cldledl a

3l Q] L) oae ol wg X o0 dwo Shg oY dg0> uTHLB o]

~

oolaiwl  placadgsl oS5 gawly  Sele sae 1 o o) aculxe (gl K
Qs 09290 alle & jga 3550 b pladgel ol )55 4y p5¥. 00000




el pladdgel SO slS g

P D50 s dlge Ploul aseh e ool ymals | daw o iiS o p e ol
Oy

LOgu oo gty JB gblss e o @

0,1 26 e (60 Slee Sl ol slpdale o @

bl oo polie olond Olpai 4 @
L (o0 A0 (o e g3l il e



‘ﬁ\lﬁ‘- pla o b
R e ol ga) (slgdi 500 )




O g L Jalilia (iis) g Aoy




o 00,51,8 yols JSK& )0 g oo ,musT Ble 0,5 oy 0 glidl 8 glany i dS (60 g g0 dile ool oudosl

93




ol dzea ol Gl e S 03 S Il 4 ol s il O o ol 4S L U o el

kil (leal (6558 sla s s S sl Ll se

e alag) SS 5 U 5 Aol (SA 550

5 @8 slebss 5 Bl e aleas,slp S Wiles o laysh Al Bls 05 (IS8 sy I s
Cou ch"u C)’Lp\ 9 el A Gl Gl W aame ol 5o Loyl slal (g5l ae aiSs slw] OIS

3 e e3linal (613 5 (5 S slgas 51 5 Aol s LI o) o e




e T i L i Vi o Lo e

CT otal

where
C1,C2,C3.. = Component proportion, %
HLB1,HLB2,HLB3.. = HLB value for the component

100 x(x— ALB)

%A f
HLB,- HLB,

where

HLBA = HLB of the 1st surfactant
HLBB = HLB of the 2nd surfactant

X = Target HLB

%A = Amount of Surfactant A required

%B = Amount of Surfactant B required (%B = 100 - %A)

An HLB calculator can be found at:
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http://www.al-nasir.com/www/PharmCalc/exec_calc.php?ID=hlb

Question

When two or more emulsifiers are blended, the resulting HLB of the blend is easily
calculated. For example, suppose you want to determine the HLB value of a blend
comprising 70% of TWEEN 80 (HLB = 15) and 30% Of SPAN 80 (HLB = 4.3).

The calculation would be:
TWEEN 80 70% X 15.0 =10.5
SPAN 80 30% X 4.3=1.3
HLB of blend = 11.8
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HLB values: applications

HLB = 7 + (number of hydrophilic groups) — (mumber of lipophilic groups)

Applications by HLB Dispersibility in water by HLB

3-6 For W/O emulsions <3 None

7-9 wetting agents 3-6 Poor

8-15 For O/W emulsions 6-8 Unstable milky dispersions
Detergents 8-10 Stable milky dispersions
Solubilizers 10-13  Translucent dispersion/solution

=13 Clear solution

lonic detergents may have much higher HLB values:
SDS has a HLB of 40




Applications of the HLB Scale

HILB Range Application

3.5-6 W/O emulsifier
Wetting agent
O/W emulsifier
Detergent

Solubilizer




Table 8.21. Group number Ny and Ny, for HLB calcu-

Hydrophilic group Ny Lipophilic group N

—080;, Na~ 38.7 —dH— 0.475

—S0O5-, Na~ 374 —CHy— 0.475

—COO ", Na~ 21.1 —CH; 0.475

—C0O0~, K" 19.1 =CH— 0.475

Sorbitan ring 6.8 H—CH,—0O— 0.15
24 H;

—COOH 2.1

—OH (free) 1.9  Benzene ring 1.662
1.3

—(CH,—CH,-O)— 0.33

Table 8.22. Hydrophilic lipophilic balance (HLB) val-
ues of some surfactants

HLB-value

Compound

Table 8.23. HLB-values related to their industrial ap-
plication

HLB-range

Application

w/o-Emulsifiers
Humectants
o/w-Emulsifiers
Turbidity stabilization

Found

Oleic acid
Sorbitol tristearate
Stearyl monoglyceride
Sorbitol monostearate
Sorbitol monolaurate

Polyoxyethylene sorbitol
tristearate
Methylcellulose
Polyoxyethylene sorbitol
monostearate
Polyoxyethylene sorbitol
monooleate
Sodium oleate
Potassium oleate

1.0
2.1
3.4
4.7
8.6
9.8

10.5

10.5
14.9

18.0

Calculated
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TABLE 1 Classification of Colorants
Colorant
A Certified

1. Dye

2. Lake

B Exempt from certification

1. Natural pig ments

2. Synthetic (nature identical)

Example

FD&C Red No. 40

Lake of FD&C Red No. 40

Anthocvanin, juice concentrate, annatto extract

B-Carotene
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Table 8.12. Examples of food colorants (natural and synthetic)

FD & C EU No. Color A max (nm) Formula® Examples for utilization in food
Number Name (USA) (solvent) processing
I Tartrazine Yellow No 5 E102 lemon-yellow 426 (W) | Pudding powders, confectionary and candies, ice
(W) creams, pop (effervescent) drinks
2 Riboflavin E 101 yellow (W) 445 (W) Mayonnaise, soups, puddings, desserts,
confectionary and candy products
3 Curcumin E 100 vellow-red (E) 426 (E) Il Mustard
4 Zeaxanthin vellow (oil) 455460 (CH) Fat, hot and cold drinks, puddings, water
5 Sunset Yellow FCF Yellow No 6 E 110 orange (W) 485 (W) 11 Beverages, fruit preserves, confectionary and
candy products, honey-like products, sea salmon,
crabs
6 B-Carotene E 160a orange (oil) 453-456 (CH) Fat, beverages, soups, pudding, water,
confectionary and candy products, yoghurt
7 Bixin E 160b orange (oil) 471/503 (CHCl3) Fat, mayonnaise
8 Lycopene E 160d orange (oil) 478 (H) Mayonnaise, ketchup, sauces
9 Canthaxanthin Food E 161g orange (oil) 485 (CHCl3) Sea salmon, beverages, tomato products
Orange 8
10 Astaxanthin orange (oil) 488 (CHCl5) Beverages, tomato products, confectionary and
candy products
11 B-Apo-8'- carotenal E 160e orange (oil) 460-462 (CH) Sauces, beverages, confectionary and candy
products
12 Carmoisine E 122 red with bluish 516 (W) IV Beverages, confectionary and candy products, ice
tint (W) cream, pudding, fruit preserves
13 Amaranth Red No 2 E 123 red with bluish  520(W) \ Beverages, fruit preserves, confectionary and
tint (W) candy products, jams
14 Ponceau 4R E 124 scarlet-red (W) 505 (W) VI Beverages, candy products (bonbons), sea salmon,

cheese coatings




Table 8.12. (Continued )

D& C EU No. Color A max (nm) Formula® Examples for utilization in food
Number Name (USA) (solvent”) processing
15 Carmine E 120  bright-red 518 VII Alcoholic beverages
(W ammonia solution)
16 Anthocyanidin E 163a-f red-violet® (W)  520-546 Jams, pop (effervescent) drinks
(from red grape (M+0.01% HCI)
pomace)
17 Erythrosine Red No 3 E127  cherry-red (W) 527 (W) VIII Fruits, jams, confectionary and candy products
18 Red 2G red with bluish 532 (W) IX Confectionary and candy products
tint
9 Indigo Carmine  Blue No2 E132  purple blue (W) 610 (W) X Also in combination with yellow colorant for
(Indigotine) confectionary and candy products and liqueurs
20 Patent Blue V E131  blue with 638 (W) XI Mostly in combination with yellow colorants for
a greenish tint confectionary and candy products, beverages
(W)
21 Brilliant blue FCF  Blue No 1 blue with 630 (W) XII Mostly in combination with yellow colorants for
a greenish tint confectionary and candy products, beverages
(W)
22 Chlorophyll E 140  green 412 (CHCh) Edible oils
23 Chlorophyllin E141  green (W) 405 (W) Confectionary and candy products, liqueurs,
copper complex jellies, cream food products
24 Green S E142  green (W) 632 (W) XIII
(Brillant Green BS)
25 Black BN E 151  violet with bluish 570 (W) XIV  Fish roe coloring, confectionary and candy
tint products

* Formulas in Table 8.13;

" Solvent W: water, CH: cyclohexane, M: methanol, H: hexane, and E: ethanol;

“ Color is pH dependent.
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Table 8.13. Structures of the synthetic food colorants listed in Table 8.12

Na039—©—hl= COCNa

HO / /\N
™
; SO;MNa
H,CO
o
H CH=C H—CJ?
AN
CH,
H O—@CI—I:C H—C/%
HLCO (1]
HO
NaO,S—@N=N @
i
SO,MNa
SOz;MNa




Table 8.13. (Continued)

Nz2O,S SO,Na

{CzHg):N
x|
R(C,H
(C2Hs) \ HCOCH,
N N3035—©7N=N N=N ©©
S50;Na
© dos NaO,S
R(CaMs) S0O;Na
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TABLE 10U.S. Color Additives Currently Exempt from Certification

Color
Annatto extract
Dehwvdrated beet (beet powder)

Canthaxanthin

B-Apo-8-carotenal

E-Carotene

Caramel

Cochineal extract; carmuine

Toasted. partially defatted. cooked cottonseed flour
Ferrous gluconate

Grape-skin extract (enocianina))

Swvnthetic won oxide

Fruit juice

Vegetable juice

Diried alg ae metal

TagetesiAztec mang old) and extract

Carrot o1l

Com endosperm oil

Paprika

Paprika oleoresin
Raboflavin
Saffron

Titanium dioxide
Turmeric

Turmernc oleoresin

Use limitation®

Mot to exceed 66 mg/kg of solid or pint of liguaid
food

Mot to exceed 15 mg/lb or liter of food

33 mg /'kg

Colorant for ripe ohves
Colorant for beverages only

Notto exceed 0.25% by weight of pet food

Chicken feed only: to enhance vellow color of skin
and eggs

Chicken feed only: to enhance vellow color of skin
and eggs

Chicken feed only: to enhance yvellow colorofskin
and eggs

Not to exceed 1% bv weight of food

"Unless otherwise stated the colorant mawv be used in an amount consistent with good manufacturing
practices. except for foods where use is specified by a standard of identity. 117




TABLE 11 Synthetic Color Additives Currently Permitted by the European Economic Community (EEC)

Regulatory leg al status b
Name EEC number FDA number EEC United States Canada Japan
Erythrosine E123 FD&C Red No. 3 + + + +
Brilliant blue FCF - FD&C Blue No. 1 -t + + +
Indig otine E132 FD&C Blue No. 2 + + + +
Tartrazine E102 FD&C Yellow No. 5 +d + + +
Quinoline yellow El104 FD&C Yellow No. 6 +* - - -
Allura red - FD&C Red No. 40 - + + -
Yellow 2G E107 - +f - - -
Ponceaun 4K E124 - +d - - +
Cammoisine E122 - +deg - - _
Amaranth E123 FD&C Red No. 2 +d - + -
Red 2G E128 - +f - - -
Patent blue E131 - += - - -
Green S E142 - +deg - , _
Brown FK E154 - +f - . -
Chocolate brown HT El1s55 - +h - - -
Black PN E151 - +de - , _

*+ Pemutied for food use. (in some countries limited to specific foods); -, prohibited for food use.

"No synthetic colorants permitted in Norway.
“Permitted in Denmark Ireland. Netherlands.
ot permitied mn Finland.

*Not permitted in Portugal.

bermitted in Ireland only.

Mot permitted in Sweden.

Bpermitted in Ireland and Netherlands. 118




TABLE 12 Some MNatural Color Addimmives Currently Permuatted by the European Economic Community (EEC)

Registered status?

MName EEC number EEC United States Canada Japan
Anthocwyanin_ juice concentrate El163 ~+b + + -+
Beet prigment (beet red) El162 -+ 4+ + +
Carbon black E153 -+ - -+ -+
B-Apo-8-Carotenal Elale +b 4+ + _
Ethvl ester off-apo-8"-carotenic El160f +b - + -
acid

Annatto El160b -+ -+ - -+
E-Carotene Ela0a —+ 4+ + 4+
Canthaxanthin Eils1l -+ - + &+
Chlorophvil E140 +d - 4+ -+
Copper complexes of chlorophwll El41 -+ - - “+
Caramel E150 -+ + — +
Cochineal E120 +de + + +
Iron oxide E172 +b.d - + +
Titanium dioxide E171 +b + + +
Faboflavin E101 +b + + +
Cucumuin E100 -+ -+ + -+
i+ Permutted for food use in some countries limited to specific foods: -, prohibited for food use.

"Not permitted in Portugal
Not permuitted in Austria. Norway.
Aot permuatted 1 Fmland.

Mot permitted in Sweden.
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TABLE 13 Acceptable Daily Intake of Some Synthetic and Natural Colorants

Synthetic color Intake® (mg kg ) Natural color Amount (mg/kg)
Tartrazine 75 f-Apo-8-carotenal 2.5
Sunset yellow FCF 50 p-Carotene 5.0
Amaranth 1.5 Canathaxanthin 250
Erythrosine 1.25 Fiboflavin 0.5
Brilliant blue FCF 12.5 Chlorophyll GMP?
Indig otine 25 Caramel GMP

Daily intake over lifetime without nsk.

P Amount consistent with “good manufacturing practice ”
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TABLE 15 Chemical and Physical Properties of Common EEC Dyes

Name and EEC number Water
Quinoline yellow, E104 14
Ponceau 4R, E124 30
Carmoisine, E122 8
Amaranth, E123 5
Patent blue, E131 6
Green 5, E142 5
Chocolate brown HT, E156 20
Brilliant black BN, E151 5

Solubility (/100 ml) at 16°C

Propylene glycol Alcohol
<01 0.1
4 <0.1
1 <0.1
0.4 <0.1
2 <0.1
2 02
15 msoluble
1 <0.1

Glycerine
=01
0.5
25
15
35

15

<0.5

] =fades; 2 =considerable fade; 3 =appreciable fade; 4 =shght fade; 5=very slight fade: 6 =no change.

Light

6

Heat

121

Stability®

S5Oy

3540

pH

8.0/9.0
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Table 11-2 Sources of SO, and Their Content of Active SO,

Chemical Formula Content of Active SO,
Sulfur dioxide 80, 100.00%
Sodium sulfite, anhydrous Na,SO, 50.82%
Sodium sulfite, heptahydrate Na,S047 H,0 25.41%
Sodium hydrogen sulfite NaHSO, 61.56%
Sodium metabisulfite Na,S,0, 67.39%
Potassium metabisulfite K2S,05 57.63%

Calcium sulfite CaSO0, 64.00%
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| TOTAL SO, -+ Tal:rla 11-? Eﬁ?ct of pH on the Propt:':r!iun of
Active Antiseptic SO, of Wine Containing 100

—free SO, — Hbound S0, mg/L Free SO,
S0 active
Esé antiseptic pH Active 502 (mg’l.)
2.2 37.0
acetaldehyde SOp 28 8.0
HSO 3 ? 3.0 5.0
3.3 3.0
3.5 1.8
3.7 1.2
rest SO, 4.0 0.8
S03° | antioxidant _JTUCO¥E SU, |

Figure 11-1 The Various Forms of SO, in Wine and Their Activity.
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Table 11-4 Properties of Some Common Food Acids

Glucono-
Fumaric Deita- Phosphoric
Property Acetic Acid  Adipic Acid  Citric Acid Acid Lactone Lactic Acid Malic Acid Acid Tartaric Acid
Structure CH,COOH COOH Tnou Hc-ocirl.H o=C— CHy OH COOH
t}-Ha GHe HCCOOH  ncow H—C—OH HO—C—H H=—C—0H
'II:HE HO—C—CO0H HOCH & COOH TH2 HO=C—H
CH
THE I z HTOH COOH COOH
TH‘ COOH HT_,
COOH CH;0H
Empirical C,H,0, CeHigOy  CeHgO;  CH,O, CgHi O  CgHgDy  CuHgOs HPO, C,Hg04
formula
Physical form  Oily Liquid Crystalline - Crystalline Crystalline Crystalline 85% Water Crystalline 85% Water Crystalline
Solution Solution
Molecular 60.05 146.14 192.12 116.07 178.14 90.08 134.09 82.00 150.09
weight
Equivalent 60.05 73.07 64.04 58.04 178.14 890.08 67.05 27.33 75.05
weight
Sol. in water oo 1.4 181.00 0.63 59.0 oo 144.0 oo 147.0
(¢/100 mL
solv.)
lonization
constants
K, 8x10° 3.7x10° 82x10" 1x10® 25x10* 1.37x10™* 4x10™* 752x10° 1.04x107°
{(gluconic
acid)
Ko 24x10%° 1.77x10° 3x10° 9x10° 623x10° 555x107

3.9%x 1078

3x 10718
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Table 8.14. Chelating agents used as additives in food
processing. (Compounds given in brackets are utilized

only as salts or derivatives)

(Acetic acid)
Clitric acid

EDTA

(Gluconic acid)
Oxystearin
Orthophosphoric acid
(Pyrophosphoric acid)
(Triphosphoric acid)

(Hexametaphosphoric acid,

10—15 residues)
(Phytic acid)
Sorbitol
Tartaric acid
(Thiosulfuric acid)

MNa-, K-, Ca-salts
Na-, K-, Ca-salts,
monoisopropyl ester,
monoglyceride ester,
triethyl ester,
monostearyl ester,
Na-, Ca-salts

Na-. Ca-salts

Na-. K-, Ca-salts
MNa-salt
MNa-salt

Ma-, Ca-salts
Ca-salt

Na-, K-salts
Na-salt

COOH COOH
éH\ CHZ
v a /
Ca +  N-CHyCH-N
/ \
e, cH,
COOH COOH
EDTA
FIGURE 6

EDTA-CHELATE

Schematic representation of chelation of caletum by EDTA.
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carnosic acid carnosol
Figure 11-3 Chemical Structure of the Active Antioxidant Principles in Rosemary
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Table 8.16. Surfactants (surface active agents) in food

[. Naturally occurring:

A. Tons: proteins (cf. 1.4.3.6), hydrocolloids
(gum arabic, cf. 4.4.4.5.2), phospholipids
(lecithin, cf. 3.4.1.1), bile acids

B. Neutral substances: glycolipids (cf. 3.4.1.2),
saponins

[I. Synthetic:

A. lons: stearyl-2-lactylate, Datem, Citrem
(cf. Table 8.24)

B. Neutral substances: mono-, diacylglycerols
and their acetic- and lactic
acid esters, saccharose fatty acid esters,
sorbitan fatty acid esters, polyoxyethylene
sorbitan fatty acid esters
Polyglycerol-polyricinoleate (PGPR)

Table 8.17. Examples of surfactant utilization in the

food industry
Utilization in
production of Effect
Margarine Stabilization of a w/o emulsion
Mayonnaise Stabilization of an o/w emulsion
Ice cream Stabilization of an o/w emulsion,
achievement of a “dry”
consistency
Sausages Prevention of fat separation
Bread and other Improvement of crumb structure,
baked products baked product volume, inhibi-
tion of starch retrogradation
(bread staling)
Chocolate Improvement of rheological

Instant powders
Spice extracts

properties, inhibition of “fat
blooming™

Solubilization
Solubilization




Table 8.18. Dispersion systems

Outer phase

Type Inner phase
Emulsion liquid

Foam 2aseous
Aerosol liquid or solid

Suspension  solid

liquid
liquid
£ASEOUS
liquid

Table 8.19. Sedimentation rate (v) as a function of
droplet diameter (d)

d (um) v(cm/24h)

0.02 3.75%10°*

0.2 3.76 x 1072
2 3.76
20 3.76 x 10°
200 3.76 x 10"
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Table 8.21. Group number Ny and Ny, for HLB calcu-

lation

Hydrophilic group Ny Lipophilic group N
—0S50;, Na™ 38.7 —dH— 0.475
—S0O;-, Na™ 374 —CHy— 0.475
—COO |, Na™ 21.1 —CHj; 0.475
—C0O0O ,K* 19.1 =CH— 0.475
Sorbitan ring 6.8 H—CH,—0O— 0.15
Ester 24 H;

—COOH 2.1

—OH (free) 1.9 Benzene ring 1.662
—0— 1.3

—(CH;—CH,-O)— 0.33

Table 8.22. Hydrophilic lipophilic balance (HLB) val-

ues of some surfactants

Table 8.23. HLB-values related to their industrial ap-

plication
HLB-range Application

3-6 w/o-Emulsifiers

-9 Humectants

8-18 o/w-Emulsifiers
15-18 Turbidity stabilization

HLB-value
Compound Found Calculated
Oleic acid 1.0
Sorbitol tristearate 2.1 2.1
Stearyl monoglyceride 3.4 3.8
Sorbitol monostearate 4.7 4.7
Sorbitol monolaurate 8.6
Gelatin 9.8
Polyoxyethylene sorbitol 10.5 10
tristearate
Methylcellulose 10.5
Polyoxyethylene sorbitol 14.9
monostearate
Polyoxyethylene sorbitol 15.0 15
monooleate
Sodium oleate 18.0
Potassium oleate 20.0
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TABLE 1 Classification of Colorants
Colorant

A Certified

1. Dye
2 Lake

B Exempt from certification
1. Natural pig ments

2. Synthetic (nature identical)

Example

FD&C Red No. 40

Lake of FD&C Red No. 40

Anthocyanin, juice concentrate, annatto extract

B-Carotene




Table 8.12. Examples of food colorants (natural and synthetic)

FD & C EU No. Color A max (nm) Formula® Examples for utilization in food
Number Name (USA) (solvent) processing
I Tartrazine Yellow No 5 E102 lemon-yellow 426 (W) I Pudding powders, confectionary and candies, ice
(W) creams, pop (effervescent) drinks
2 Riboflavin E 101 yellow (W) 445 (W) Mayonnaise, soups, puddings, desserts,
confectionary and candy products
3 Curcumin E 100 vellow-red (E) 426(E) Il Mustard
4 Zeaxanthin vellow (oil) 455460 (CH) Fat, hot and cold drinks, puddings, water
5 Sunset Yellow FCF Yellow No 6 E 110 orange (W) 485 (W) 111 Beverages, fruit preserves, confectionary and
candy products, honey-like products, sea salmon,
crabs
6 B-Carotene E 160a orange (oil) 453-456 (CH) Fat, beverages, soups, pudding, water,
confectionary and candy products, yoghurt
7 Bixin E 160b orange (oil) 471/503 (CHCl,) Fat, mayonnaise
8 Lycopene E 160d orange (oil) 478 (H) Mayonnaise, ketchup, sauces
9 Canthaxanthin Food E 161g orange (oil) 485 (CHCl5) Sea salmon, beverages, tomato products
Orange 8
10 Astaxanthin orange (oil) 488 (CHCl5) Beverages, tomato products, confectionary and
candy products
11 B-Apo-8'- carotenal E 160e orange (oil) 460-462 (CH) Sauces, beverages, confectionary and candy
products
12 Carmoisine E 122 red with bluish 516 (W) IV Beverages, confectionary and candy products, ice
tint (W) cream, pudding, fruit preserves
13 Amaranth Red No 2 E 123 red with bluish  520(W) \ Beverages, fruit preserves, confectionary and
tint (W) candy products, jams
14 Ponceau 4R E 124 scarlet-red (W) 505 (W) VI Beverages, candy products (bonbons), sea salmon,

cheese coatings



Table 8.12. (Continued )

D& C EU No. Color A max (nm) Formula® Examples for utilization in food
Number Name (USA) (solvent”) processing
15 Carmine E 120  bright-red 518 VII Alcoholic beverages
(W ammonia solution)
16 Anthocyanidin E 163a-f red-violet® (W)  520-546 Jams, pop (effervescent) drinks
(from red grape (M+0.01% HCI)
pomace)
17 Erythrosine Red No 3 E127  cherry-red (W) 527 (W) VIII Fruits, jams, confectionary and candy products
18 Red 2G red with bluish 532 (W) IX Confectionary and candy products
tint
9 Indigo Carmine  Blue No2 E132  purple blue (W) 610 (W) X Also in combination with yellow colorant for
(Indigotine) confectionary and candy products and liqueurs
20 Patent Blue V E131  blue with 638 (W) XI Mostly in combination with yellow colorants for
a greenish tint confectionary and candy products, beverages
(W)
21 Brilliant blue FCF  Blue No 1 blue with 630 (W) XII Mostly in combination with yellow colorants for
a greenish tint confectionary and candy products, beverages
(W)
22 Chlorophyll E 140  green 412 (CHCh) Edible oils
23 Chlorophyllin E141  green (W) 405 (W) Confectionary and candy products, liqueurs,
copper complex jellies, cream food products
24 Green S E142  green (W) 632 (W) XIII
(Brillant Green BS)
25 Black BN E 151  violet with bluish 570 (W) XIV  Fish roe coloring, confectionary and candy
tint products

* Formulas in Table 8.13;

" Solvent W: water, CH: cyclohexane, M: methanol, H: hexane, and E: ethanol;

“ Color is pH dependent.



Table 8.13. Structures of the synthetic food colorants listed in Table 8.12
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Table 8.13. (Continued)
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TAELE 9 Certified Color Additives Currently Permitted for General Use

Federal name

FD&C Blue No. 1

FD&C Blue No. 2

FD&C Green No. 3

FD&C Red No. 3

FD&C Red No. 40

FD&C Yellow No. 5

FD&C Yellow No. 6

Dye

Permanent
Permanent
Permanent
Permanent
Permanent
Permanent

Permanent

Status

Lake

Provisional

Provisional

Provisional

Provisional

Provisional

Provisional

Abbreviated
name

Blue 1

EBlue 2

Green 3

Red 3

Red 40

Yellow 5

Yellow &6

"se of lake of FD&C Red No. 3 was termumated effective January 29, 1990,




TABLE 10U.S. Color Additives Currently Exempt from Certification

Color
Annatto extract
Dehwvdrated beet (beet powder)

Canthaxanthin

B-Apo-8-carotenal

E-Carotene

Caramel

Cochineal extract; carmuine

Toasted. partially defatted. cooked cottonseed flour
Ferrous gluconate

Grape-skin extract (enocianina))

Swvynthetic won oxide

Fruit juice

Vegetable juice

Diried alg ae metal

TagetesiAztec mang old) and extract

Carrot o1l

Com endosperm oil

Paprika

Paprika oleoresin
Raboflavin
Saffron

Titanium dioxide
Turmeric

Turmernc oleoresin

Use limitation®

Mot to exceed 66 mg/kg of solid or pint of liguaid
food

Mot to exceed 15 mg/lb or liter of food

33 mg /'kg

Colorant for ripe ohves
Colorant for beverages only

Notto exceed 0.25% by weight of pet food

Chicken feed only: to enhance vellow color of skin
and eggs

Chicken feed only: to enhance vellow color of skin
and eggs

Chicken feed only: to enhance yvellow colorofskin
and eggs

Not to exceed 1% bv weight of food

"TUnless otherwise stated the colorant mawv be used in an amount consistent with good manufacturing
practices. except for foods where use is specified by a standard of identity.




TABLE 11 Synthetic Color Additives Currently Permitted by the European Economic Community (EEC)

Name EEC number FDA number EEC
Erythrosine E123 FD&C Red No. 3 +
Brilliant blue FCF - FD&C Blue No. 1 L
Indig otine E132 FD&C Blue No. 2 +
Tartrazine E102 FD&C Yellow No. 5 +d
Quinoline yellow El104 FD&C Yellow No. 6 +*
Allura red - FD&C Red No. 40 -
Yellow 2G E107 - +£
Ponceau 4R E124 - +d
Cammoisine E122 - +deg
Amaranth E123 FD&C Red No. 2 +d
Red 2G E128 - +f
Patent blue E131 - +*
Green S E142 - +deg
Brown FK E154 - +f
Chocolate brown HT El1s55 - +h
Black PN E151 - +de

*+ Pemutied for food use. (in some countries limited to specific foods); -, prohibited for food use.
"No synthetic colorants permitted in Norway.

“Permitted in Denmark Ireland. Netherlands.

ot permitied mn Finland.

*Not permitted in Portugal.

bermitted in Ireland only.

Mot permitted in Sweden.

Bpermitted in Ireland and Netherlands.

Regulatory leg al status

United States
+

+

b

Canada
+

+

Japan

-+

+



TABLE 12 Some MNatural Color Addimmives Currently Permuatted by the European Economic Community (EEC)

Registered status?

MName EEC number EEC United States Canada
Anthocwyanin_ juice concentrate El163 ~+b + +
Beet prigment (beet red) E162 + + +
Carbon black E153 -+ _ +
B-Apo-8-Carotenal Elale +b + +
Ethvl ester off-apo-8"-carotenic El160f ~+b - -+
acid

Annatto El160b —+ -+ +
E-Carotene El1&60a -+ + +
Canthaxanthin Eils1l -+ - +
Chlorophvil E140 +d - +
Copper complexes of chlorophwll El141 -+ - -
Caramel E150 -+ + +
Cochineal E120 +de + +
Iron oxide E172 4+b.d _ L
Titanium dioxide E171 +b + +
Faboflavin E101 +b + +
Cucumin E100 -+ + +
i+ Permutted for food use in some countries limited to specific foods: -, prohibited for food use.

"Not permitted in Portugal
Not permuitted in Austria. Norway.
Aot permuatted 1 Fmland.

Mot permitted in Sweden.

Japan




TABLE 13 Acceptable Daily Intake of Some Synthetic and Natural Colorants

Svynthetic color Intake® (mg kg ) Natural color
Tartrazine 75 f-Apo-8-carotenal
Sunset yellow FCF 50 p-Carotene
Amaranth 1.5 Canathaxanthin
Erythrosine 1.25 Fiboflavin

Brilhant blue FCF 12.5 Chlorophyll

Indig otine 25 Caramel

Daily intake over lifetime without risk.

P Amount consistent with “good manufacturing practice ”

Amount (mg/kg)
25
5.0
250
0.5
GMPP

GMP




TABLE 15 Chemical and Physical Properties of Common EEC Dyes

Name and EEC number Water
Quinoline yellow, E104 14
Ponceau 4R, E124 30
Carmoisine, E122 8
Amaranth, E123 5
Patent blue, E131 6
Green 5, E142 5
Chocolate brown HT, E156 20
Brilliant black BN, E151 5

Solubility (2/100 ml) at 16°C

Propylene glycol Alcohol
<01 0.1
4 <0.1
1 <0.1
0.4 <0.1
2 <0.1
2 02
15 msoluble
1 <0.1

Glycerine
=01
0.5
25
15
35

15

<0.5

] =fades; 2 = considerable fade; 3 =appreciable fade; 4 =slight fade; 5 =very shght fade; 6 =no change.

Light

6

Heat

Stability®

S5Oy

3540

pH

8.0/9.0
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Figure 6~10 The Hunter L, a, b Color Space. Source: From Hunter Associates Lab., Inc.
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