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ABSTRACT 

                   

Fractionation and acylation by ethyl alcohol and acetic anhydride were carried 

out to produce a modified corn germ and sunflower lecithins from their crude leci-

thins. Emulsification activity and emulsion stability indices (EAI & ESI) were de-

termined at different pH values (2, 4, 6, 8 and 10) for commercial and studied leci-

thins. EAI was significantly improved in modified lecithins in comparison to crude 

lecithins with increasing rate of 52.9 and 58.6 % for corn germ and sunflower etha-

nol soluble fraction lecithins and 15.6 and 20.5 % for acylated corn germ and sun-

flower lecithins, respectively. The changes in ESI after times of 20, 40 and 60 min. 

showed a higher stability of emulsions prepared using modified lecithins which were 

closed to that prepared using commercial soy lecithin. Caramel was prepared using 

commercial soy, corn germ, sunflower lecithins and their modified forms. Hardness 

of tested samples was determined in the start of storage time while, acid value, per-

oxide value, fatty acid pattern and sensory attributes were determined during storage 

period at room temperature for six months. Data revealed insignificant difference in 

caramels hardness. Samples contained crude sunflower; acylated corn germ and sun-

flower lecithins were more sensitive to oxidation while, those prepared using com-

mercial soy, crude corn germ, ethanol soluble fraction of corn germ and sunflower 

lecithins showed higher oxidative stability with significant differences (P<0.05). 

Concerning sensory evaluation, both ethanol soluble fractions and acylated lecithins 

produced high quality caramels not differed (P>0.05) to control one that contained 

commercial soy lecithin. The quality and quantity of lecithin that used in prepared of 

caramel samples played a major role in their characteristics. The modified corn germ 

and sunflower lecithin forms were preferred than the raw lecithins owing to their 

higher emulsifying activity and lesser quantity used. The ethanol soluble lecithins 

fraction, especially of corn germ can be competitive to the commercial soy lecithin 

in all emulsified food products.  

 

Key words: Caramel, Modified lecithin, Corn germ, Sunflower, Emulsifying activi-

ty, Emulsion stability. 
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INTRODUCTION 

 

Under European legislation lecithins 

are labeled as “lecithin” or “E322” in the 

food additive group of substances with 

antioxidants properties. However, their 

main use is as emulsifiers (Van Nieu-

wenhuyzen, 1999). Lecithin can be pro-

duced from any crude vegetable oil, but 

because of the huge quantities of soy-

beans grown and processed and owing to 

the relatively high percentage of phospha-

tides in soybean oil practically all over 

world, soybean oil is the principal com-

mercial source of natural and modified 

lecithins (Hollo et al 1993). In Egypt 

corn germ and sunflower seeds are the 

major source of oils. Thus, corn germ and 

sunflower oils must be considered as po-

tential sources of lecithins. Distribution 

of the main phospholipid components of 

corn germ and sunflower lecithins ap-

pears to be rather similar to that of soy-

bean lecithin. Comparison of published 

data shows no significant difference be-

tween soybean and sunflower lecithins, 

but it points to poorer surface activity of 

the latter. Concerning of corn germ leci-

thin, it has higher phosphatidylcholine 

content than in soybean lecithin (Weber, 

1981; Hollo et al 1993). 

Lecithin commonly refers to a mix-

ture of phospholipids dissolved in oil. 

Crude lecithin contains ≈ 60 % phospho-

lipids and 30 % oil, dry basis (Temelli 

and Dunford, 1995). Deoiling of crude 

lecithin is considered necessary in mak-

ing high purity lecithin products. Acetone 

is currently used in industry for the sepa-

ration of neutral oil and phospholipids, 

based on the fact that neutral oil is solu-

ble in acetone but phospholipids are not 

(Wu and Wang, 2003). The crude leci-

thin can be fractionated into ethanol solu-

ble and insoluble fractions. Phosphatidyl-

choline (PC) dissolves faster than phos-

phatidylethanolamine (PE) and other ac-

id-reacting phospholipids in ethanol, so 

that ethanol-soluble fractions contain a 

much higher PC/PE ratio. Acylation of 

the phosphatidylethanolamine enhances 

hydrophilicity and heat stability (Van 

Nieuwenhuyzen, 1999). The phospholip-

id molecule contains both a lipophilic 

fatty acyl group and a hydrophilic head 

group, and this amphiphilic structure 

make it a good surface-tension-reducing 

agent and thus a good emulsifier (Krog, 

1997).  

Emulsion stability refers to the ability 

of an emulsion to resist changes in its 

physical properties over time: the more 

stable the emulsion, the more slowly the 

phases separate. Phosphatidylcholine and 

phosphatidylethanolamine enriched frac-

tions were used as emulsifiers for creat-

ing both o/w and w/o emulsions for the 

emulsion stability test (Wu and Wang, 

2003). 

The purpose of using emulsifiers in 

caramel, toffee and fudge is to stabilize 

the fat distribution within the sugar mass, 

because with high fat content in these 

products, the manipulation of plastic 

masses can squeeze out of fat leading to 

the risk of surface oxidation and unsight-

ly appearance. For these reasons and also 

to maintain a good fat distribution, which 

lubricates the cutting knives, emulsifiers 

are more frequently used in cut and wrap 

processes (Stansell, 1995). Caramel is 

basically oil in water emulsion, with the 

water phase comprising of highly concen-

trated sugar syrup. The oil phase was 

traditionally butter, though vegetable fats 

are commonly used now (Smith, 1998).  

The fat and lecithin helps in flavor 

and texture by reducing stickiness and 
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softening the bite. The emulsion activity 

of the lecithin used has a significant ef-

fect on the finished caramel texture and 

product standup (Heim, 2003). 

In this study, crude corn germ and 

sunflower lecithins were fractionated and 

acylated to produce phosphatidylcholine 

enriched fractions and to enhance hydro-

philicity of phosphatidylethanolamine. 

The modified lecithins were evaluated for 

their emulsification activity and stability 

indices. The crude corn germ, sunflower 

lecithins and their modified forms were 

used in manufacturing of caramel in 

comparison to commercial soybean leci-

thin, which, import from other countries.  

 

MATERIAL AND METHODS 

 

Materials 

 

Corn and sunflower oil crude wet 

gums used in preparation of lecithins 

were obtained from Arma Food Industry 

company 10
th

 of Ramadan city, Egypt and 

Misr Gulf Oil Processing Company (MI-

GOP) Suez city, Egypt. Commercial soy 

lecithin was obtained from the Egyptian 

Company for Food (Biscomisr), Am-

meria, Cairo, Egypt. However, sweetened 

condensed whole milk (SCWM), sucrose, 

palm oil and salt (NaCl) were purchased 

from the local market, Cairo, Egypt.  

 

Methods 

 

Extraction of lecithin 

 

The extraction of lecithin was carried 

out according to Sosada et al (1994). 

Crude wet gum was centrifuged at 4000 g 

for 15 min. The precipitate was collected 

as reduced oil wet gum, diluted with an 

appropriate volume of acetone and blend-

ed in warring blendor (Model 32 BL 80) 

at high speed for 5 min. The mixture was 

centrifuged at 2000 g for 10 min. The 

extraction with acetone was repeated for 

three times, and the precipitate was dried 

under vacuum at 25 ˚C for 12 hrs. The 

produced lecithins identified as crude 

lecithins. 

 

Modification of lecithins 

 

Fractionation: Ethyl alcohol soluble 

fraction of corn germ and sunflower leci-

thins were prepared by stirring crude leci-

thins with ethyl alcohol (1:5 w/v) at 45 

°C for 30 min and; then standing for 60 

min. to separate the two layers. The upper 

layer was transferred to rotary evaporator 

to evaporate alcohol under vacuum.  

Acylation: Corn germ and sunflower 

crude wet gums were acylated with 1.5 

mol equivalent of acetic anhydride based 

on phosphatidylethanolamine (PE) con-

tent. Potassium hydroxide was added to 

the gum to neutralize acetic acid generat-

ed during the reaction. Acylation was 

carried out at 60°C for 1 hr. Thereafter, 

the acylated lecithin was separated as 

mentioned above in lecithin extraction, 

then dried under vacuum at 40 °C for 12 

hr. 

The procedures recommended by 

Hollo et al (1993) were applied to pre-

pared the modified lecithins.    

 

Emulsifying activity and emulsion sta-

bility indices 

 

Emulsifying activity index (EAI) (m
2 

g
 –1

) was determined at different pH val-

ues (2, 4, 6, 8 and 10) according to 

Pearce and Kinsella (1978). Ten ml of 

corn oil and 30 ml of aqueous lecithin 

solution (5 mg/ml water) were homoge-
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nized by waring blendor for 60 sec. A 0.1 

ml of sample was immediately taken 

from the bottom of the container and di-

luted to 50 ml with 0.1 % sodium dodecyl 

sulfate. The absorbance of the diluted 

emulsion (A) was measured at 500nm. The 

initial A500 nm measurement was taken to 

be the emulsifying activity index (EAI), 

while emulsion stability index (ESI) was 

measured at A500 nm after 20, 40 and 60 

min. EAI or ESI were calculated as fol-

lows: 

 

 

 

 

 

 

Caramel preparation 

 

Caramel samples in 1 Kg lots were 

prepared according to Tonucci and Von 

Elbe (1988) by premixing the fat with 

commercial soy lecithin emulsifier and 

melted together at 80°C, in a stainless 

steel mixing bowl. The temperature was 

allowed to drop to just above the melting 

range of the fat (35 to 40°C) at which 

time SCWM and corn syrup were added. 

The mixture was blended for 2 min. until 

smooth. Sugar and salt were added slowly 

and mixing was continued for 15 min. 

The caramel mix was cooked until the 

final temperature reached of 118 °C, and 

then cooled by leaving it on a steel table. 

The cooled samples were then cut into 

cylindrical pieces (19 mm in diameter 

and 19 mm in width), wrapped in mois-

ture-proof paper and stored at room tem-

perature for later use. The caramel formu-

lation was as follows: 

 

Ingredient % Ingredient % 

Corn syrup 39.9 Fat 9.9 

SCWM 34.9 Salt (NaCl) 0.3 

Sucrose 14.9 
Commercial 

soy lecithin 
0.1 

 

The commercial soy lecithin was re-

placed by an equivalent amounts of tested 

lecithins based on their emulsifying activ-

ity, to be equal to that of soy lecithins. 

The calculated amounts of lecithins added 

to 1 Kg caramel corresponded to 1.0 g 

soy lecithin were 1.7, 2.0; 1.0, 1.1; 1.3 

and 1.4 g for crude, ethanol soluble frac-

tion and acylated corn germ and sunflow-

er lecithins. 

 

Caramel hardness 

 

Caramels were measured for their 

hardness according to the method de-

scribed by Tonucci and Von Elbe (1988) 

using Instron Universal Testing Machine. 

Cylindrical caramel pieces were held at 

22 °C in an incubator for 24 hr. A load 

cell used had a maximum capacity of 

1000 N. The rate of compression was 2 

mm/minute and the chart speed was 50 

mm/min. 

 

Fat analyses 

 

Lipids were extracted from caramel 

samples according to the method de-

scribed by Pearson (1976). Acid, perox-

ide values and fatty acid profile of ex-

tracted lipids were estimated according to 

A.O.A.C (2000). 

  

Sensory evaluation 
 

Caramel samples prepared by using 

different types of lecithins were asked for 

their quality attributes by ten members 

preference taste panel, from staff of the 

  2 x 2.303 x A500 nm 

EAI or ESI = 

    25 x length of cuvette x 

   Lecithin concentration 



Corn germ and sunflower seeds in caramel 

Arab Univ. J. Agric. Sci., 13(2), 2005 

355 

Department of Food Science, Faculty of 

Agriculture, Ain Shams University. The 

panelists were asked to score color, tex-

ture, flavor, mouth feel, overall accepta-

bility by giving a degree ranging between 

1 to 9 (no difference from (R) = 5; more 

desirable than (R) Slight=6, Moderate=7, 

Much=8, Extreme=9; less desirable than 

(R) Slight=4, Moderate=3, Much=2, Ex-

treme=1) where R is a control sample 

which prepared using commercial soy 

lecithin. The report sheet used was de-

scribed by Venkatesh et al (1984). 
 

Statistical analysis 
 

The obtained data was exposed to 

analysis of variance. Duncan multiple 

range at 5 % level of significance was 

used to compare between means. Results 

followed by different alphabetical letters 

were significantly differed. The analyses 

were carried out using the PROC ANO-

VA procedure of Statistical Analysis Sys-

tem (SAS, 1988). 

  

RESULTS AND DISCUSSION 
 

EAI (m
2
/g) of the commercial soy lec-

ithin, crude extracted lecithins from corn 

germ and sunflower oils and their modi-

fied lecithins (ethyl alcohol soluble frac-

tion and acylated corn germ and sunflow-

er lecithins) was examined at different pH 

values (Table, 1). The EAI for all leci-

thins were gradually and significantly 

improved with increasing the pH values 

from 2 to 10. The ethyl alcohol soluble 

fraction of corn germ and sunflower leci-

thins had significantly the highest EAI 

values in comparison to other corn and 

sunflower lecithins ranging between 63.0 

to 201.3 and 107.6 to 197.5 m
2
/g at pH 

values from 2 to 10, respectively. The 

EAI of acylated corn germ and sunflower 

lecithins were in the second order having 

the range values of 47.5 to 162.7 and 94.3 

to 152.9 m
2
/g at pH values from 2 to 10, 

respectively. On the other hand, crude 

corn germ and sunflower lecithins had the 

lowest EAI values compared to their 

modified lecitihns. In comparison to 

commercial soy lecithin the data revealed 

that the ethanol soluble fractions had 

practically closed emulsifying activity, 

especially of corn germ to that of soy 

lecithin. While the other corn and sun-

flower lecithins shown lower emulsifying 

activity. 

The ESI of emulsions made from test-

ed lecithins was determined by the 

changes in EAI after times of 20, 40 and 

60 min. (Figure, 1). It was clearly noticed 

that the ESI followed the same trend of 

EAI, i.e., the improver the EAI, the great-

er in its stability. It could be noticed that 

the stability of both modified lecithins 

was more than that of commercial soy 

lecithin. The crude corn germ and sun-

flower lecithins encouraged relatively 

coalescence and creaming, this was pos-

sible because of the increasing of average 

droplet oil diameter. However emulsions 

made with ethanol soluble fraction and 

acylated lecithins markedly improved 

creaming stability and retarded coales-

cence. It was appeared that the most im-

portant factor affecting creaming stability 

is particle diameter. This observation was 

in accordance with Stok’s low. In this 

respect, Hollo et al (1993) indicated that 

acylation improved EAI and ESI by acyl-

ated the amino groups in phosphatidyl-

ethanolamine. While, according to 

Agboola et al (1998), the mechanism by 
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Table 1. Emulsification activity index (m
2
/g) of commercial soy lecithin, 

crude corn and sunflower lecithins and their modified forms at dif-

ferent pH values 

 

Lecithin types 
pH values 

2 4 6 8 10 

Commercial soy 27.6
Ge 

145.9
Ad 

179.6
Ac 

182.9
Ab 

205.2
Aa 

C
ru

d
e Corn 53.6

Ee 
105.6

Dd 
109.6

Dc 
116.0

Fb 
141.1

Fa 

Sunflower 83.6
Ce 

92.9
Ed 

103.3
Dc 

110.0
Gb 

138.9
Ga 

E
o

H
-S

-F
(!

)  

Corn 63.0
Dd

 119.9
Cc 

167.6
Bb 

177.7
Bb 

201.3
Ba 

Sunflower 107.6
Ae 

121.8
Bd 

163.9
Bc 

169.8
Cb 

197.5
Ca 

A
cy

la
te

d
 

Corn 47.5
Fe 

105.9
Dd 

126.7
Cc 

140.6
Db 

162.7
Da 

Sunflower 94.3
Bd 

93.0
Ee 

124.5
Cc 

133.2
Eb 

152.9
Ea 

 
(1) EoH-S-F= ethanol soluble fraction 

-Capital and small letters were used for comparison between means in the vertical and 

horizontal directions, respectively. 

-Means with the same letter are not significantly different (P>0.05). 

 

 
 

which creaming stability is preserved in 

system containing modified lecithin is 

unclear. The increasing of ESI of modi-

fied lecithin may also due to the im-

provement of their hydrophilic/lypophilic 

balance that lowered more effectively the 

interfacial tension of the film between oil 

droplets and water in the emulsion. 

The improvement of EAI and ESI in 

emulsions prepared using ethyl alcohol 

soluble fraction lecithins ascribed to en-

riched its fractions with phosphatidylcho-

line (Van Nieuwenhuyzen, 1999; Wu 

and Wang, 2003). It could be concluded 

that the modified corn germ and sunflow-

er lecithins give a good emulsification 

properties closed to that of commercial 

soy lecithin compared to their crude 

forms. 

Textural measurement (Hardness) of 

caramel samples prepared by using dif-

ferent lecithins, was examined at zero 

time. The obtained data was presented in 

Figure (2). Insignificant difference was 

observed (p>0.05) between the prepared 

samples ranging between 532 to 605 N. 

The mutual approach of moisture content 

in different caramel samples ranging be-

tween 15.3 to 15.9% was considered the 

responsible about the closed hardness 

values with insignificant difference.  
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Fig. 1. Emulsion stability index (m
2
/g lecithin) of (A) commercial soy lecithin, (B) 

crude corn and sunflower lecithins, (C) ethanol soluble fraction of corn and 

sunflower lecithins, (D) acylated corn and sunflower lecithins at different pH 

values and times. 
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Fig. 2. Effect of different lecithin sources on hardness (A) and moisture content (B) of 

caramel samples 

 

 

 

Data in Table (2) indicated that the 

extracted lipids from caramels prepared 

using tested lecithins had acid values 

ranging between 0.06 to 0.17 without 

significant difference (P>0.05) at zero 

time. The acid values were gradually in-

creased versus storage period with signif-

icant difference. The values reached their 

maximal ranging “between” 0.89 to 1.20 

after 6 month. These increases were 

probably due to lipolysis occurred by 

lipases in ingredients such as condensed 

whole milk. Such enzymes, which are 

often very heat-resistant, break down the 

triglycerides of the fat into its constituent 

fatty acids (Young, 1983). The free fatty 

acids may also produced in advanced 

state of double bonds oxidation of unsatu-

rated fatty acids esters (Mounts and List, 

1996). 

  

Table (3) showed that the extracted li-

pids from caramel samples had peroxide 

values ranging between 0.16 to 0.27 

meq/kg at zero time without significant 

differences. These values were more than 

that of the fat (0.00 meq/kg) used in prep-

aration, due to the cooking treatment. 

Reifsteck and Jeon (2000) reported that 

the thermal induced oxidation involves 

hydrogen radical abstraction on lipids 

with the addition of molecular oxygen to 

form the peroxide radical followed by the 

formation of hydrogen peroxide. On stor-

age at room temperature, the peroxide 

values of extracted lipids substantially 

increased reaching their maximal values 

at the end of storage period in all  

samples with significant differences in 

comparison to values at zero time. The 

peroxide values of extracted lipids from 

caramel samples prepared by using crude 
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Table 2. Acid value of extracted lipids from caramels prepared by using commercial 

soybean lecithin, crude corn germ and sunflower lecithins and their modi-

fied forms during storage at room temperature 

 

S
to

ra
g

e 

p
er

io
d
 (

m
o

n
th

) 

C
o

m
m

er
ci

al
 

so
y

b
ea

n
 

L
ec

it
h

in
 Crude (1)EoH-S-F lecithin Acylated 

C
o

rn
 

le
ci

th
in

 

S
u

n
fl

o
w

er
 

le
ci

th
in

 

C
o

rn
 g

er
m

 

S
u

n
fl

o
w

er
 

C
o

rn
 

le
ci

th
in

 

S
u

n
fl

o
w

er
 

le
ci

th
in

 

0 0.14Da 0.06Ca 0.15Ca 0.12Da 0.13Aa 0.13Ca 0.17Ba 

1 0.50CDa 0.50Bca 0.50BCa 0.32CDa 0.60ABa 0.45BCa 0.70ABa 

2 0.53CDa 0.65ABa 0.52ABCa 0.50BCDa 0.65ABa 0.65ABCa 0.72ABa 

3 0.61Ca 0.70ABa 0.53ABCa 0.55BCDa 0.70ABa 0.69ABCa 0.80ABa 

4 0.70BCa 0.70ABa 0.55ABCa 0.66BCa 0.70ABa 0.70ABCa 0.80ABa 

5 1.05ABa 0.73ABa 0.75ABa 0.87ABa 0.87Aa 0.88ABa 0.81ABa 

6 1.20Aa 1.09Aa 1.03Aa 1.19Aa 0.89Aa 1.20Aa 0.89Aa 

 

 

 

Table 3. Peroxide value of extracted lipids from caramels prepared by using commer-

cial soybean lecithin, crude corn germ and sunflower lecithins and their modi-

fied forms during storage at room temperature 

 

S
to

ra
g

e 

p
er

io
d
 

(m
o

n
th

) 

C
o

m
m

er
ci

al
 

so
y

b
ea

n
 

le
ci

th
in

 

Crude 
(1)EoH-S-F lecithin 

of 
Acylated 

C
o

rn
  

le
ci

th
in

 

S
u

n
fl

o
w

er
 

le
ci

th
in

 

C
o

rn
 g

er
m

 

S
u

n
fl

o
w

er
 

C
o

rn
 

 l
ec

it
h

in
 

S
u

n
fl

o
w

er
 

le
ci

th
in

 

0 0.16Ca 0.20Ca 0.18Ca 0.18Ba 0.18Ca 0.27Da 0.20Da 

1 0.37Ca 0.35Ca 0.46Ca 0.36Ba 0.54Ca 0.53Da 0.44CDa 

2 1.00Ca 1.15BCa 1.43Ca 1.25ABa 1.15BCa 1.47Da 1.58CDa 

3 2.50BCa 2.50ABCa 5.00Ba 2.78ABa 2.27ABCa 4.57Ca 3.58BCDa 

4 3.12ABCc 3.33ABCc 6.67ABa 3.12ABc 3.75ABCbc 5.88BCa 5.38ABCab 

5 5.35ABbc 4.17ABc 7.50ABab 4.28ABc 4.69ABc 8.12ABa 7.47ABab 

6 6.19Abc 5.56Ac 7.72Aab 5.26Ac 5.35Ac 9.09Aa 8.63Aa 
 
(1)EoH-S-F= ethanol soluble fraction 

-Capital and small letters were used for comparison between means in the vertical and horizontal directions, 

respectively. 
-Means with the same letter are not significantly different (P>0.05). 
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sunflower, acylated corn germ and sun-

flower lecithins were significantly over-

abundance (ranging between 7.72 to 9.09 

meq/kg) of those prepared by using 

commercial soy, crude corn germ, ethanol 

soluble fraction of corn germ and sun-

flower lecithins (ranging between 5.26 to 

6.19 meq/kg) at the end of storage, owing 

to high content of phosphatidylcholine in 

these lecithins that reduced the rate of 

hydroperoxide formation (Nasner, 1986). 

Table (4) shows the fatty acid pattern 

of lipids extracted from caramel samples 

evaluated at zero time and after 6 months. 

The major fatty acids at the start of stor-

age period were palmitic acid 42.40%, 

followed by oleic acid 36.24%, linoleic 

acid 7.37% and stearic acid 6.64%. How-

ever, minor amounts, about 1% or less 

were detected for caproic, caprylic, cap-

ric, lauric, arachidic, behenic, myristoleic, 

palmitoleic, lenolenic and gadoleic. The 

total saturated fatty acids increased grad-

ually from 54.58% during storage at room 

temperature reached to their maximal 

values ranging between 55.31 and 58.10 

after 6 months. 

These increases were mainly due to 

the increase of palmitic, stearic acids and 

the reduction of unsaturated fatty acids, 

mainly mono-unsaturated ones. The de-

creases in total unsaturated fatty acids 

could be attributed to partially oxidation 

of the double bonds in oleic and lenoleic 

acids to form peroxides, hydroperoxides, 

carbonyl compounds and further oxida-

tive cleavage products. These oxidative 

reactions were slower for caramel sam-

ples prepared by using commercial soy 

lecithin, crude corn germ and ethanol 

soluble fraction lecithins due to their 

higher contents of phosphatidylcholine 

than other lecithins (Weber, 1981; 

Neidleman, 1993; Wu and Wang, 2003) 

and the best anti-oxidative effects ob-

tained with ethanol soluble fraction, this 

fact agreed with the results reported by 

Nasner (1986).  

The mean values of sensory evalua-

tion scores of caramel samples are shown 

in Table (5). It could be noticed that the 

color and flavor of all samples at all stor-

age period were closed without any sig-

nificant differences in their mean score 

values.  

Texture is an important quality attrib-

ute of caramel, which related to its physi-

cal properties. The fresh caramel samples 

prepared by using corn germ and sun-

flower lecithins received higher values 

than that of control sample prepared by 

using commercial soy lecithin without 

significant difference. The score values 

were declined during storage period with 

significant difference (P<0.05) in caramel 

samples prepared using crude sunflower 

and its ethanol soluble fraction lecithins 

and acylated corn germ lecithin. The 

mouthfeel of caramel samples followed 

the same trend of texture. The mean val-

ues among samples prepared using modi-

fied lecithins were higher than those of 

commercial soy lecithin and crude leci-

thins.  While, all samples crossed the end 

storage period without significant differ-

ence, except caramel prepared using sun-

flower ethanol soluble fraction. The 

means of panelist score values on overall 

acceptability of caramel samples reflected 

all the previously judged quality attrib-

utes; it followed approximately a similar 

pattern. 

In summary, the data showed that the 

modified corn germ and sunflower leci-

thins were good emulsifiers owing to 

their higher emulsifying activity. The 

prepared caramel samples using the mod-

ified lecithin forms showed a suitable  
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Table 4. Fatty acid composition of extracted lipids from caramel manufactured using 

commercial soybean lecithin, crude corn germ and sunflower lecithins and 

their modified forms at zero time and after storage period for 6 month at room 

temperature 
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C:6 0.56 0.43 0.46 0.62 0.50 0.42 0.59 0.47 

C:8 0.30 0.26 0.29 0.35 0.30 0.24 0.31 0.29 

C:10 0.55 0.52 0.60 0.63 0.59 0.49 0.61 0.54 

C:12 0.87 0.93 0.98 1.00 1.00 0.86 1.03 0.92 

C:14 2.92 2.98 3.15 3.21 3.14 2.81 3.32 2.96 

C:16 
42.4

0 
42.16 42.01 43.04 43.30 41.82 44.10 43.26 

C:18 6.64 7.70 8.10 9.69 7.54 10.26 8.00 9.84 

C:20 0.23 0.24 0.01 0.00 0.05 0.18 0.01 0.00 

C:22 0.10 0.11 0.12 0.12 0.11 0.10 0.14 0.10 

SFA
(2)

 54.58 55.31 55.70 58.65 56.52 57.18 58.10 58.39 

C14:1 0.59 0.49 0.54 0.52 0.53 0.45 0.55 0.46 

C16:1 0.75 0.48 0.61 0.49 0.33 0.26 0.62 0.43 

C18:1 
36.2

4 
35.21 34.92 32.46 34.85 34.76 33.24 32.63 

C18:2 7.37 8.01 7.73 7.36 7.28 6.89 6.99 7.60 

C18:3 0.32 0.34 0.33 0.34 0.33 0.32 0.33 0.33 

C20:1 0.14 0.16 0.16 0.17 0.16 0.14 0.17 0.14 

USFA
(3)

 45.42 44.68 44.30 41.35 43.48 42.82 41.90 41.61 

 

(1)EoH-S-F= ethanol soluble fraction 
(2) SFA = Saturated fatty acids 
(3) USFA = Unsaturated fatty acids 
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Table 5. Mean values of sensory evaluation of caramel prepared by using commercial 

soybean lecithin and modified corn germ and sunflower lecithins 

Storage 

period 

(month) 

Commercial 

soybean 

 lecithin 

Crude (1)EoH-S-F lecithin of Acylated 

Corn  

lecithin 

Sunflower 

lecithin 

Corn 

germ 
Sunflower 

Corn 

lecithin 

Sunflower 

lecithin 

Color 

0 5.0Aa 5.3Aa 5.0Aa 5.0Aa 5.0Aa 6.0Aa 6.3Aa 

1 5.0Aa 5.0ABa 5.0Aa 5.0Aa 5.0Aa 5.3Aa 5.6Aa 

2 5.0Aa 5.0ABa 5.0Aa 5.0Aa 5.0Aa 5.3Aa 5.3Aa 
3 5.0Aa 5.0ABa 5.0Aa 5.0Aa 5.0Aa 5.3Aa 5.3Aa 
4 5.0Aa 5.0ABa 5.0Aa 5.0Aa 5.0Aa 5.0Aa 5.0Aa 
5 5.0Aa 5.0ABa 5.0Aa 5.0Aa 5.0Aa 5.0Aa 5.0Aa 
6 5.0Aa 4.6Ba 5.0Aa 5.0Aa 4.6Aa 5.0Aa 5.0Aa 

Flavor 

0 5.0Aa 5.3Aa 5.3Aa 5.3Aa 5.3Aa 5.3Aa 5.6Aa 

1 5.0Aa 5.3Aa 5.3Aa 5.3Aa 5.3Aa 5.3Aa 5.3Aa 
2 5.0Aa 5.3Aa 5.3Aa 5.3Aa 5.3Aa 5.3Aa 5.3Aa 
3 5.0Aa 5.3Aa 5.3Aa 5.3Aa 5.3Aa 5.3Aa 5.3Aa 
4 5.0Aa 5.3Aa 5.3Aa 5.3Aa 5.3Aa 5.3Aa 5.3Aa 
5 5.0Aa 5.3Aa 5.0Aa 5.0Aa 5.0Aa 5.0Aa 5.3Aa 
6 5.0Aa 5.0Aa 4.6Aa 5.0Aa 4.6Aa 5.0Aa 5.0Aa 

Texture 

0 5.0Ab 5.3Ab 5.6Aab 6.0Aab 6.0Aab 7.0Aa 7.0Aa 

1 5.0Aa 5.3Aa 5.6Aa 6.0Aa 6.0Aa 6.6ABa 6.6Aa 
2 5.0Aa 5.0Aa 5.0Ba 5.0Aa 6.0Aa 6.3ABa 6.3Aa 
3 5.0Aa 5.0Aa 5.0Ba 5.0Aa 5.6ABa 6.0ABa 6.0Aa 
4 5.0Ab 5.0Ab 5.0Bb 5.0Ab 5.0ABb 5.3ABab 5.6Aa 
5 5.0Aab 4.6Aab 5.0Bab 5.0Aab 4.3Bb 5.0Bab 5.3Aa 
6 5.0Aa 4.6Aa 5.0Ba 5.0Aa 4.3Ba 5.0Ba 5.0Aa 

Mouthfeel 

0 5.0Aa 5.3Aa 5.3Aa 5.6Aa 5.6Aa 6.3Aa 6.3Aa 

1 5.0Aa 5.3Aa 5.3Aa 5.6Aa 5.6Aa 6.0Aa 6.0Aa 
2 5.0Aa 5.0Aa 5.0Aa 5.0Aa 5.0ABa 5.6Aa 5.6Aa 
3 5.0Ab 5.3Aab 5.3Aab 5.6Aab 5.6Aab 5.6Aab 6.0Aa 
4 5.0Aa 5.0Aa 5.3Aa 5.3Aa 5.3Aa 5.6Aa 5.6Aa 
5 5.0Aa 5.0Aa 5.0Aa 5.0Aa 5.0ABa 5.0Aa 5.3Aa 
6 5.0Ab 5.0Ab 5.0Ab 5.0Ab 4.3Bc 5.0Ab 5.6Aa 

Overall acceptability 

0 5.0Ac 5.0Ac 6.0Aa 5.6Aab 5.3Abc 6.0Aa 6.0Aa 

1 5.0Aa 5.0Aa 5.6ABa 5.6Aa 5.3Aa 5.6ABa 5.6ABa 
2 5.0Aa 5.0Aa 5.6ABa 5.6Aa 5.3Aa 5.6ABa 5.6ABa 
3 5.0Aa 5.0Aa 5.3ABa 5.3Aa 5.3Aa 5.6ABa 5.6ABa 
4 5.0Aa 5.0Aa 5.3ABa 5.3Aa 5.3Aa 5.6ABa 5.6ABa 
5 5.0Aa 5.0Aa 5.0Ba 5.0Ba 5.0Aa 5.6ABa 5.6ABa 
6 5.0Aa 5.0Aa 5.0Ba 5.0Ba 4.6Aa 5.0ABa 5.0Ba 

(1)EoH-S-F= ethanol soluble fraction 

-Capital and small letters were used for comparison between means in the vertical and horizontal directions, 
respectively. 

-Means with the same letter are not significantly different, (P>0.05)
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hardness values, high oxidative stability 

and sensory attributes. It could be con-

cluded the possible utilization of natural 

corn germ and sunflower lecithins and 

their modified forms in manufacturing of 

confectionary products especially cara-

mel. However, these lecithins can be 

competing the imported commercial soy 

lecithin in all emulsified food products. 
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تهدد هذهددلدذاس  الددتذيسدداذتراددا ذاس  ا ادد ذ

اس صدد بذستلددت  ا ذسالدداصايذاسصددااتذاست ددت  ذ

ا  ذ يذسالاصا تتذ  ايذاسل ةذاعست ذاسشد  ذ

اس ددددت ذااس . سددددت ذاددددد ذتدددد ذتردددد ا ذاسصدددد ستذ

 ددد ايذسل  ا اددد ذاس صددد بذيدددتذس اادددتذيتددد ةذاست

ا دددددلسمذ ددددد ذ ددددديذ دددددد ذاس دددددت   ذ دددددد ذ

اسسا ا لدددددا  ذت  ادددددلذان  دددددت ذاس ه ادددددتذ

سلاساددد اتذاس لت لصدددتذ ددديذعا دددتتذاس  ا اددد ذ

ستلإضددتيتذيسدداذاستراددا ذاس لددتذتص ددت ذاست دد ايذ

س  ةذلدتتذشدها ذعلداذ   دتذ د ا ةذاس  يدت ذ

ادددددد ذت  ادددددتذاست  مدددددتذستلدددددت  ا ذ  دددددا ذ

الااصت ا ذااس .ت لتذس دت  ذاس لادمذاس  دتماذ

يتذت. ا ذ  ذ يذسالداصايذ  دايذاسدل ةذاعسدت ذ

اسشد  ذاس ددت ذس دد  ذاس صددا ذعلدداذاس دد  ذ

اسددلاملذيددتذاس  ددا ذااسددل ذاتصددهذس  ت ددت ذ

  تااةذ يذاس ال تتا ا ذ اسايذا دلسمذي  دت ذ

  ت ابذاس اصا ذعلاذ د  ذاسلالداصايذيدتذ د ذ

ذاس .ت لتايذعلاذاست تال 

ت ذتراا ذ  ذ يذ .ت  ذاس شتطذالالت  ساذ

  تل ددتذ دديذسددتتذاس لددت للذع دد ذ   ددتتذاص

(ذ10 ذذ8 ذ6 ذذ4 ذذ2ان ذالااددددددددد  ا ا اذ 

ا دددلسمذس ددد ذ ددديذسالددداصايذاسصدددااتذاست دددت  ذ
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اسلالدددداصا تتذ اضددددبذاس  الددددت ذاددددد ذسددددا  ذ

يددتذ .ت دد ذاس شددتطذذ(p<0.05 ت لدديذ . ددا ذ

الالددت  ساذيددتذاسلالدداصا تتذاس . سددتذ رت  ددتذ

ذ52.9ستسلالددداصايذاس دددت ذس .ددد  ذ ادددت ةذدددد  ةذ

%ذس  ذ يذاس   ذاسلاملذيتذاس  ا ذذ58.6ا

سلالدداصايذ  ددايذاسددل ةذاعسددت ذاسشدد  ذا ددلسمذ

%ذس دددد ذ دددديذسالدددداصايذ  ددددايذذ20.5اذ15.6

اسددددل ةذاعسددددت ذاسشدددد  ذاس .ددددت  يذس ددددت  ذ

اس لاددمذاس  ددتما ذ  ددتذتيذاست ادد ذيددتذ .ت دد ذ

 داردددتذذ60اذذ40 ذ20صسدددتتذاس لدددت للذس.ددد ذ

ت هددد ذصسدددتتذعدددتستذسل لدددت لستتذاس  ضددد ةذ

لت  ا ذاسلالداصا تتذاس . سدتذ  تصلدتذيدتذلسدمذ س

لددت  ا ذسالدداصايذ سصسددتتذاس لددت للذاس  ضدد ذس

ذاسصااتذاست ت   

سدد ذت هدد ذعا ددتتذاس  ا ادد ذاس صدد .تذ دديذ

اس صددددت  ذاس  تل ددددتذ دددديذاسلالدددداصا تتذت ددددتذ

اس  الددتذي ادددتنذ . ااددتذيا ددتذسا هددتذع دد ذتردد ا ذ

اسصدددد ست ذيضددددتيتذيسدددداذلسددددمذيدددد يذاس تددددتم ذ

تذع دد ذتردد ا ذ ددد ذاس  اضددت ذاس ت صدد ذعلاهدد

 ددد ذاسسا ا لددا ذات  اددلذان  ددت ذاس ه اددتذ

يتذاسلاسا اتذاس لت لصتذ يذعا تتذاس  ا ا ذ

اس صدد .تذستلددت  ا ذسالدداصا تتذعسددت ذاسشدد  ذ

ذاس دددددددت  ذ  دددددددايذاسدددددددل ةذاعسدددددددت ذاسشددددددد  

ذذ

ذااسددل ذتدد ذ .ت لته ددتذس ددت  ذاس لاددمذاسصل ددت

 هدددد تذ لتلدددداتذهددددلدذاس.ا ددددتتذس  لدددد ةذت

 p<0.05) سا  دددتذعا دددتتذاس  ا اددد ذاس صددد .تذذ

س لددت  ا ذسالدداصا تتذاسصددااتذاست ددت   ذ  ددايذ

اسل ةذاس ت  ذاس   ذاسدلاملذيدتذالااصدت ا ذس د ذ

 دددديذسالدددداصايذ  ددددايذاسددددل ةذاعسددددت ذاسشدددد  ذ

ذت ه تذصستتذعتستذ ضت ذس  ل ة ذ

يا دتذات.لدبذسدتستراا ذاس لدتذاتصد تذ تاضدت

عا دددددددتتذاس  ا اددددددد ذاس صددددددد .تذس لدددددددت  ا ذ

تتذاس . ستذس.  ذا ا ذيد ابذ . اادتذاسلالاصا 

(P>0.05)رت  دددتذستس.ا دددتذاس  تددد ا  ذا  ددد اذذ 

ست لددددديذاس صدددددتم ذاسا ا ادددددتذسلالددددداصا تتذ

اس  ادتذذاس . ستذس  ايذاسل ةذاعست ذاسش  ذي ي

اس لت   تذ  هدتذتدد ذ رت  دتذستلدمذاس لدت   تذ

 يذاسلالاصايذاس ت ذسهلدذاس صت   ذاعلاذلسدمذ

ا ةذاسلالددداصايذـا  ددديذاسردددا ذسدددجيذ  ادددتذا ددد

تم ذـتذيددددددتذاس صددددددـتيذ ا اذ مالاددددددـال.سدددددد

تذس.ا ددتتذاس  ا ادد ذاس صدد .ت ذاسهددلاذـددـاس  تل 

يدد يذصددا ذاسلالدداصا تتذاس . سددتذاس  ت ددتذ دديذ

  ددايذاسددل ةذاعسددت ذاسشدد  ذا  دديذتيذت ددايذ

سددد ا ذعددديذاسلالددداصايذاس دددت ذسهدددلدذاس صدددت  ذ

الدددداصايذاسصددددااتذاست ددددت  ذيددددتذا  ددددتي ذسل

تتطلددددلذ صددددتم ذانغلاددددتذاستددددتذذ  ت ددددتت

ذيلت  ساتذ ا ة 

ذ
ذ

ذ
ذ
 

ذ ت ـ دذ سالذعـ  ت  ذذتحكيم:

ذص حذ ت  ذاسل ت ات  ذ

 


