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Red Palm Olein : 
Characterization 
and Utilization  in 

Formulating 
Novel Functional  

Biscuits 



Functional biscuits were formulated by replacing white shortening 
(WS) by red palm olein (RPOL) at 20,40, 60, 80 and 100%. Sensory 
evaluation of fresh biscuits indicated that all RPOL levels were 
significantly as acceptable as or superior to the control. 
Consequently, two superior RPOL levels (40 and 60%) were chosen 
for further investigation along with the control. Biscuits made from 
40% WS + 60% RPOL exhibited significantly the lowest values 
regarding water loss during baking, volume before baking, specific 
volume, specific lightness, water activity and shearing force. 
Triacylglycerol and fatty acid composition of formulated biscuits 
resembled their counterparts for RPOL. These biscuits contained 1.8 
times more tocopherols and tocotrienols and 10.4 – 14.8 times more 
carotenes than the control. Meanwhile, packaged biscuits were able 
to be stored at room temperature in the light for not less than 
 6 months without any deterioration in their quality. 

ABSTRACT   



Forming the cream 
Shortening, sugar, high fructose corn syrup and milk 
were mixed in an electric “Moulinex” mixer at high 
speed 3 for 5 min 

Distributing the flour in the cream 
 Sieved flour, ammonium bicarbonate and sodium 
bicarbonate were added on the previous cream. 
The mixture was mixed at speed 1 for 3 min 

Forming the dough 
Water was added to the previous mixture and mixed at 
low speed 1 for 5 - 7 min 

Shaping 
The biscuit shaping mincer was used to shape the 
biscuit in dimensions  
(6 cm length – 2.5 cm width – 2 mm thickness) 

Baking 
The biscuit was baked at 150°C for 10 min in an 
electric oven (Kumtel Kf 3125) 

Cooling & Packing 
The biscuit was cooled at room temperature for 15 min 
till reaching room temperature then packed then 
sealed. 

Fig. 1  Flow sheet of biscuit manufacturing 



            The recipe of biscuit manufacturing 

200  Wheat flour (72% extraction)  
45  Sugar powder  
40  White shortening  
13  High fructose corn syrup (HFCS)  

3  Skimmed powdered milk  
1.25  Ammonium bicarbonate  
3.75  Sodium bicarbonate  
62.5  Water  

0.1  Vanillin  

Table  1  



                   Physicochemical properties of red palm olein 

Value Properties Value Properties 
209.0 ± 1.72 Saponification value 0.903 ± 0.153 Specific gravity 

 (at 50 0C) 
1.3 ± 0.05 Unsaponifiable matter (%) 23.8 ± 0.03 Slip point (0C) 
1.5 ± 0.22 Peroxide value (mequiv peroxide/kg) 8.5 ± 0.12 Cloud point (0C) 
0.02 ± 0.00 Anisidine value 1.455 ± 0.00 Refractive index 
0.25 ± 0.03 Acid value 50R-20Y Color 
0.12 ± 0.02 FFA % 0.021 ± 0.008 Moisture % 
0.48 ± 0.00 Impurities (%) 56.7 ± 0.42 Iodine value 

Results are mean values of three determinations ± standard deviation (SD) 

    

Table  2  



                  Triacylglycerols (TAG) and fatty acid compositions of red 
palm olein 

Fatty acid composition 
Fatty acid                                                             % 

Triacylglycerols 
TAG                                                            % 

0.2 Lauric(c12:0) 28.93 POP 

0.9 Myristic(c14:0) 25.32 POO 

39.3 Palmitic(C16:0) 9.97 PLP  

0.1 Margaric (C17:0)  10.86 POL  

4.2 Stearic (C18:0)  5.10 POS  

0.4 Arachidic (C20:0)  4.15 OOO  

45.1 TSFA  2.90 SOO  

0.2  Palmitoleic (C16:1)  2.37 PLL + MOL  

43.7 Oleic (C18:1)  1.94 OOL  

43.9 TMUFA  0.55 PPP  

10.5 Linoleic (C18:2)  0.65 MLP + MOM  

0.5 Linoleic (C18:3)  0.50 OLL  

11.0 TPUFA  0.24 MMP  

0.2 Others  5.11 Unknown DAG  

1:1.22 S/U  0.17 Unknown MAG & FAA  

Table 3  

L Linoleic acid, P palmitic acid, M myristic acid, S stearic acid,O oleic acid, DAG diacylglycerols, MAG 
monoacylglycerols, TSFA total saturated fatty acids, TMUFA total monounsaturated fatty acids,TPUFA total 
polyunsaturated fatty acids, S/U saturated fattyacid:unsaturated fatty acids 



Composition of the most abundant antioxidants  present in red palm olein 

Content (ppm) Antioxidant 

173 α-Tocopherol 

254 α -Tocotrienol 

266 β-Tocotrienol 

261 γ-Tocotrienol 

104 δ-Tocotrienol 

820 Total α - tocopherol and tocotrienols 

580 Carotenes 

Table  4  



                Sensory evaluation of biscuits made from 100% white 
shortening (WS) and by replacing it with red palm olein at 
different levels 

 Organoleptic properties Biscuit samples 

Overall 
acceptability 

Taste Odor Air 
pores 

Crispness Color 

5.23c 8.13a 7.88a 6.38b 7.75a 5.88c 100% WS (control) 
5.11c 7.63a 7.63a 6.63b 7.88a 6.88b 80% WS +20% RPOL 
7.58a 7.13a 8.00a 5.63b 8.75a 7.69ab 60% WS + 40% RPOL* 
7.92a 7.63a 7.75a 8.13a 7.69a 8.25a 40% WS +60% RPOL* 
6.80b 7.81a 7.63a 6.88ab 7.81a 7.69ab 20% WS + 80% RPOL 
6.40b 7.69a 7.00a 6.13b 7.88a 8.06a 100% RPO 

Table  5  

* Samples that were chosen for further investigation 
Hedonic scale of sensory evaluation: means (n = 10) in a column not sharing the same superscript 
are significantly different at P < 0.05 



                 Physical properties of biscuits made using 100% white shortening (WS) 
and by replacing it with 40 and 60% red palm olein 

Biscuit samples Physical properties 

40% WS+ 60 
RPOL 

60% WS + 40% RPOL 100% WS 
(Control) 

1.17 ± 0.43b 1.27 ± 0.58a 1.23 ± 0.54a Water loss during baking (%) 
7.86 ± 0.52c 9.28 ± 1.55a 8.27 ± 0.78b Volume before baking (cc) 
11.43 ± 0.78b 10.00 ± 1.12c 13.5 ± 0.97a Volume after baking (cc) 
20.00c 26.37b 37.51a Specific volume 
31.65b 33.50b 45.98a Specific lightness 
0.22 ± 0.14a 0.23 ± 0.07a 0.26 ± 0.07a Water activity (21 0C) 
810.8 ± 10.5c 1107.6 ± 14.6a 1033.4 ± 23.9b Shear force (g) 

Results are mean values of three determinations ± SD 
Means (n = 3) in a row not sharing the same superscript are significantly different at P< 0.05 

Table  6  



                   Triacylglycerol (TAG) composition of biscuits made from 100% white 
shortening (WS) and by replacing it with 40 and 60% red palm olein 

Biscuit samples  TAG % 

40% WS + 60% RPOL  60% WS+40% RPOL 100% WS (Control)  

28.07 28.25 29.41 POP 

22.08 21.11 19.41 POO 

9.24 9.03 8.92 PLP 

9.47 8.96 8.11 POL 

4.93 4.92 5.21 POS 

4.32 4.43 5.09 PPP 

3.71 3.66 3.31 OOO 

2.56 2.40 2.24 SOO 

2.57 2.44 2.23 PLL+ MOL 

1.78 1.69 1.57 OOL 

0.86 1.13 1.19 PPS 

0.72 0.71 0.72 OLL 

0.50 0.61 0.67 MMP 

0.58 0.58 0.55 MLP + MOM 

5.31 5.71 6.39 Unknown DAG 

2.33 2.43 4.04 Unknown MAG & 
FAA 

Table  7  

Triacylglycerol (TAG) composition: one analysis  L Linoleic acid, P palmitic acid, M myristic acid, 
S stearic acid, O oleic acid, DAG diacylglycerols, MAG monoacylglycerols 



                Fatty acid composition of biscuits made from 100% white shortening 
(WS) and by replacing it by 40 and 60% red palm olein 

Biscuit samples Fatty acids % 

40% WS + 60% RPOL 60% WS + 40% RPOL 100% WS (Control) 

0.14 0.13 0.1 Lauric (C12:0) 

0.98 0.97 1.0 Myristic (C14:0) 

42.24 43.55 46.3 Palmitic (C16:0) 

0.14 0.11 0.1 Margaric (C17:0) 

4.47 4.59 4.9 Stearic (C18:0) 

0.38 0.38 0.4 Arachidic (C20:0)  

48.35c 49.73b 52.8a TSFA 

0.19 0.18 0.2 Palmitoleic (C16:1) 

39.02 38.91 36.5 Oleic (C18:1) 

40.11a 39.09b 36.7c TMUFA 

10.78 10.47 9.6 Linoleic (C18:2) 

0.45 0.42 0.3 Linolenic (C18:3)  

11.23a 10.89b 9.9c TPUFA 

0.34 0.29 0.3 Others 

1:0.94 1:0.99 1:1.13 S/U 

Table  8  

TSFA Total saturated fatty acids, TMUFA total monounsaturated fatty acids, TPUFA total polyunsaturated fatty 
acids, S/U saturated fatty acid : unsaturated fatty acids 



               Effect of storage at room temperature on some quality attributes of 
biscuits made from 100% white shortening (WS) and by replacing it by 40 and 
60% red palm olein 

Storage period 

Properties  
12 Months 6 Months  Zero time  

40% 
WS  
+ 
60% 
RPOL  

60% WS 
+ 
40% 
RPOL 

100% 
WS 
(Control) 

40% WS 
+ 
60% 
RPOL  

60% WS 
+ 
40% 
RPOL 

100% 
WS 
(Control) 

40% WS 
+ 
60% 
RPOL  

60% WS 
+ 
40% 
RPOL 

100% 
WS 
(Control) 

0.39 ± 
0.17a 

0.32 ± 
0.13a 

0.32 ± 
0.17a 

0.29 ± 
0.14a 

0.29 ± 
0.09a 

0.29 ± 
0.12a 

0.22 ± 
0.14a 

0.23 ± 
0.07a 

0.26 ± 
0.07a 

Water activity 
 (21 0C) 

7.3 ± 
0.35c 

9.8 ± 
0.52b 

10.0 ± 
0.46a 

4.2 ± 
0.27c 

5.3 ± 
0.37b 

6.5 ± 
0.52a 

1.7 ± 
0.23a 

1.5 ± 
0.59a 

1.0 ± 
0.44b 

Peroxide value 
(mequiv peroxide/kg) 

1.2 ± 
0.15b 

1.8 ± 
0.03a 

1.8 ± 
0.04a 

1.0 ± 
0.07c 

1.3 ± 
0.07b 

1.6 ± 
0.06a 

0.72 ± 
0.12b 

0.7 ± 
0.04b 

1.5 ± 
0.04a 

Anisidine value 

1.8 ± 
0.2a 

1.72 ± 
0.31a 

1.7 ± 
0.44a 

1.5 ± 
0.18a 

1.53 ± 
0.52a 

1.44 ± 
0.45a 

0.17 ± 
0.07a 

0.17 ± 
0.05a 

0.15 ± 
0.08a 

Acid value 

0.84 ± 
0.14a 

0.80 ± 
0.17a 

0.79 ± 
0.32a 

0.7 ± 
0.11a 

0.71 ± 
0.38a 

0.67 ± 
0.31a 

0.08 ± 
0.05a 

0.08 ± 
0.03a 

0.07 ± 
0.05a 

FFA (%) 

Table  9  

RPOL Red palm olein 
 Means (n = 3) in a row within the same storage period not sharing the same superscript are significantly different at P <0.05 



                   Effect of storage at room temperature on the natural antioxidant 
 content (ppm) of biscuits made from 100% white shortening (WS) and by replacing it by 40 and 60% 
red palm olein 

Storage period Properties 

12 Months 6 Months Zero time 

40% 
WS 
 + 
60% 
RPOL 

60% 
WS  
+ 
40% 
RPOL 

100% WS 
(Control) 

40% WS 
+ 
60% 
RPOL 

60% WS 
+ 
40% 
RPOL 

100% WS 
(Control) 

40% WS 
+ 
60% 
RPOL 

60% WS 
+ 
40% 
RPOL 

100%WS 
(ControL) 

83.6 53.3 36.7 95.0 66.7 48.9 116.0 93.0 51.2 α- Tocopherol 

115.7 75.0 53.5 123.4 94.0 69.5 158.0 126.4 69.9 α -Tocotrienol 

80.6 67.0 62.0 89.6 84.0 60.0 85.7 85.2 88.0 β -Tocotrienol 

132.0 91.0 71.0 136.0 112.5 71.0 154.3 123.0 64.3 γ -Tocotrienol 

58.7 43.0 31.0 58.0 53.0 27.0 63.2 52.7 32.5 δ -Tocotrienol 

471.0a 329.0b 254.0c 502.0a 410.0b 267.0c 577.0a 480.0b 306.0c Total α- tocopherol 
+ tocotrienols 

177.0a 126.0b 12.0c 184.0a 172.0a 13.0b 188.0a 173.0a 18.0b Carotenes 

Table  10  

Means in a row within the same storage period not sharing the same superscript are significantly different at P\0.05 





Utilisation of red  
palm olein  in 
formulating 

functional chocolate 
spread 





ABSTRACT   
Novel functional chocolate spreads were formulated by  replacing 

butter  fat  in  conventional chocolate spread by red palm olein at 
20%, 40%, 60%, 80% and 100% levels. Sensory evaluation revealed 
that chocolate spread made from 20% red palm olein (RPOL) and 
80% butter fat  was accepted as the conventional chocolate spread 
(100%  butter fat).  Hence, the former  two chocolate spreads were 
selected for  further study. Samples were stored at room temperature 
and fridge for 6 months and monitored for their physical  properties, 
fat  stability, fatty acid composition and natural antioxidants. 
       The  data revealed that the replacement of butter fat  in 

functional chocolate spread led  to a significant increment in 
tocopherols and tocotrienols (3.7  folds) and carotenes (19.8 folds), as 
compared to the control. The  functional chocolate spreads could be  
stored at room  temperature for  6 months without any deteriorative 
effects on  their quality. 



Fig.   1.  Flowchart of processing chocolate spread. 

Sugar (100g), skimmed liquid milk (54g) and 
potassium sorbate(0.25g) were mixed. The 
mixture was heated in a water bath to 100°C 

Butter (72g), lecithin (2.2g) and glycerol 
monostearate (0.5g) were mixed in an electric 
“Moulinex” mixer at low speed 1 for 3 min 

Cocoa powder (18g) was added and mixed at low speed 1 for 2 min. 

The two mixtures were mixed at low speed 1 for 2 min 

Chocolate spread was packed immediately in glass jars 

The jars were pasteurized in a water bath at 100°C for 15 min; then the jars 
were closed immediately 



Sensory evaluation of chocolate spreads made from 100% 
butter and by  substituting with RPOL at different levels. 

Organoleptic 
properties 

Chocolate spreads 

Overall 
acceptability 

Consistency Taste Flavour Colour 

6.42a 6.58a 6.42a 6.42a 6.42a 100%  butter 

5.92ab 6.17ab 6.00ab 5.83ab 5.92ab 80%  butter + 20%RPOL 

5.33bc 5.75bc 5.25bc 5.75ab 5.50ab 60%  butter + 40%RPOL 

4.83cd 5.50c 5.08c 5.25bc 5.00bc 40%  butter + 60%RPOL 

4.58d 5.42c 4.92cd 4.83c 5.00bc 20%  butter + 80%RPOL 

4.12d 4.25d 4.08d 4.83c 4.50c 100%  RPOL 

RPOL:  red palm olien.Each value is expressed as the mean of three replications. 
Means with the same letter within a column are not significantly different at P <  0.05. 

Table 
 1 



Physical properties of chocolate spreads stored for  6 months at room temperature 
and in a refrigerator. 

Refrigerator Room temperature Storage period and 
conditions 

Zero time 

Physical 
properties 

6 months 3 months 6 month                                     3 months 

20%RPOL
+80% 100% butter 20%  RPOL + 

80% butter 
100%butter 20%  RPOL + 

80% butter 100% butter 20%RPOL + 
80% butter 100%butter 20%  RPOL + 

80% butter 100% butter 

50.6±1.69ax 

1.0 ±0.00ax 

50.7 ±1.73ax 

1.0  ± 0.00ax 
50.5 ± 1.65ax 

1.0  ± 0.00ax 
50.7 ± 1.62ax 

1.0  ± 0.00ax 
46.5 ±1.75ax 

1.0  ± 0.00ax 
47. 2 ± 1.41az 

1.0  ± 0.00ax 
48.0 ± 1.38ay 

1.0  ± 0.00ax 
48.7 ±2.03ay 

1.0  ± 0.00ax 

50.0 ±1.44ax 

1.0  ± 0.00ax 50. 3 ± 1.24ax 

1.0  ± 0.00ax 

Viscosity 
(p) 
Emulsion 
stability 

RPOL:  red palm olien. 
Each value is expressed as mean ± SD. of three determinations . Means in a row not sharing the same letter (a and b)  at the same storage 
period, and means not sharing the same letter (x, y and z) at different storage periods and conditions, are not significantly different at  
P < 0.05. 

Table 
 2 



Stability indices of chocolate spreads stored for  6 months at room 
temperature and in a refrigerator. 

Refrigerator Room temperature Storage period 
and conditions 

parameter 

6 months 3 months 6 months 3months Zero time 

20%  RPOL 
+ 80% 
butter 

100% 
butter 

20%  RPOL 
+ 80% 
butter 

100% 
butter 

20%  RPOL + 
80% 

butter 

100% 
butter 

20%  RPOL 
+ 80% 
butter 

100% 
butter 

20%  RPOL 
+ 80% 
butter 

100% butter 

0.3±0.26ax 0.5±0.20ax 0.2±0.15ay 0.4±0.15ay 0.5±0.30ax 0.7±0.20ax 0.3± 0.17ay 0.4±0.22ay 0.0±0.00az 0.0±0.00az Peroxide 
value (meq 
peroxide/kg) 
p-Anisidine 
value Acid   
value 
FFA (%) 

0.50±0.03ax 0.75±0.04ax 0.1±0.03ay 0.61±0.05ay 1.02±0.09ax 1.53±0.05ax 0.63±0.04ay 1.0±0.02ay 0.0±0.00az 0.0± 0.00az 

1.5±0.09ax 1.6±0.08ax 0.68±0.09ay 0.7±0.08ay 1.58±0.11ax 1.6±0.07ax 0.7± 0.07ay 0.76±0.08ay 0.25±0.08az 0.2± 0.09az 

0.70±0.05ax 0.73±0.04ax 0.32±0.03ay 0.33±0.03ay 0.72±0.07ax 0.73±0.04ax 0.33±0.03ay 0.35±0.02ay 0.12±0.04az 0.09±0.05az 

RPOL:  red palm olein. 
Each value is expressed as mean ± SD. of three determinations. Means in a row not sharing the same letter (a  and b)  at the 
same storage period, and means not sharing the same letter (x, y and z) at different storage periods and conditions, are not 
significantly different at P < 0.05. 

Table 
 3 



Fatty acid composition of chocolate spreads stored for  6 months at room temperature and in a refrigerator. 
Refrigerator Room  temperature Storage period and 

conditions 
Fatty acid 

6 months 3 months 6 months 3 months Zero time 

20%  RPOL + 
80% butter 

100% 
butter 

20% 
RPOL + 

80% butter 

100% 
butter 

20% 
RPOL + 

80% 
butter 

100% 
butter 

20% 
RPOL+ 

80% 
butter 

100% 
butter 

20% 
RPOL + 

80% 
butter 

100% 
butter 

0.64 0.87 0.63 0.79 0.71 0.94 0.97 0.81 0.72 0.84 Caprylic (C8:0) 

1.86 2.47 1.78 2.24 2.0 2.65 1.90 2.25 2.00 2.34 Capric (C10:0) 

2.78 3.63 2.62 3.06 2.84 3.74 3.07 3.05 2.80 3.15 Lauric (C12:0) 

8.78 11.4 8.30 10.6 8.63 11.2 8.64 10.6 8.47 10.7 Myristic(C14:0) 

33.7 32.3 33.5 32.7 33.0 31.4 33.5 32.4 32.5 32.1 Palmitic(C16:0) 

0.68 0.88 0.68 1.02 0.66 0.86 0.67 1.05 0.69 0.02 Margaric(C17:0) 

9.69 11.4 9.5 11.1 9.23 10.8 10.1 11.1 9.02 10.8 Stearic (C18:0) 

0.26 0.22 0.29 0.24 4.77 0.20 0.26 0.24 0.25 0.23 Arachidic(C20:0) 

58.3 bx 63.1ax 57.3 by 61.7ay 61.8ax 61.8ax 59.0by 61.4ay 65.5bz 60.2az TSFA 

1.65 2.13 1.62 2.23 1.64 0.28 1.67 2.20 1.72 2.30 Palmitoleic(C16:1) 

28.0 23.0 28.9 23.9 28.2 24.2 28.3 22.5 29.6 24.2 Oleic (C18:1) 

29.7az 25.1 by 30.5 ay 26.1by 29.8ay 24.5by 30.0ax 24.7by 31.3ax 26.5bx TMUFA 

4.73 2.58 4.96 2.59 0.12 0.50 4.71 2.85 5.05 3.17 Linoleic (C18:2) 

0.66 0.69 0.69 0.73 0.25 0.71 0.66 0.81 0.67 0.79 Linolenic (C18.3) 

5.39 ax 3.27 ax 5.65 ax 3.32 bx 0.37by 1.21ay 5.37ax 3.66bx 5.72ax 3.96bx TPUFA 

5.81 7.48 5.72 7.62 7.19 8.79 5.93 7.55 5.85 7.74 Others 

Table 
4 

RPOL:  red palm olein. TSFA:  total saturated fatty acids 
TMUSFA: total monounsaturated fatty acids. TPUSFA:  total polyunsaturated fatty acids. M eans in a row not sharing the same letter (a and b) at the same storage period,  
and means not sharing the same letter (x, y and z) at different storage periods and conditions, are not significantly different at P < 0.05. 



Table 
 5 

Antioxidants 
(ppm)  

Storage period and conditions  

Room temperature  Refrigerator  

Zero time 3 
months 

6 
months 3 months 6 

months 

100% 
butter 

20% 
RPOL + 

80% 
butter 

100% 
butter 

20% 
RPOL + 

80% 
butter 

100% 
butter 

20% RPOL 
+ 

80% butter 

100% 
butter 

20% 
RPOL + 

80% 
butter 

100% 
butter 

20%  
RPOL + 

80% 
butter 

α Tocopherol 21.3 60.8 17.5 57.0 17.0 55.6 20.0 58.5 17.0 56.6 

α -Tocotrienol Zero 66.3 Zero 59.7 Zero 60.0 Zero 61.7 Zero 60.0 

β -Tocotrienol 49.7 57.0 43.5 52.2 42.3 53.0 46.0 55.0 42.6 54.0 

γ -Tocotrienol Zero 71.4 Zero 63.8 Zero 62.0 Zero 66.0 Zero 63.3 

δ -Tocotrienol  Zero 26.5 Zero 23.6 Zero 23.3 Zero 24.7 Zero 23.3 

Total  α- 
tocopherol & 
tocotrienols 

71.0bx 282.0ax 61.0by 256.3ay 59.3bz 254.0az 66.0by 266.0ay 59.7bz 257.0az 

Carotenes 10.0bx 148.0ax 6.0by 131.0ay 5.0bz 128.0az 8.0by 140.0ay 6.0bz 137.0az 

RPOL:  red palm olein. 
Means in a row not sharing the same letter (a and b) at the same storage period, and means not sharing the same letter (x, y and z) at different storage periods and 
conditions, are not significantly different at P < 0.05. 

Tocopherol, tocotrienols and carotenes of chocolate spreads stored for  6 months at room temperature and in a refrigerator. 
















