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Basil contains flavonoid, saponin, tannin, and essential oils namely 

sineol and eugenol. Basil has been known as appetite stimulant, laxative, 

fragrance, and breast milk stimulator. This study aimed to determine the effect 

of basil addition to linear expansion, crispiness, color, and organoleptic of basil 

cracker. Complete Randomized Design was used in this research with 4 

treatments and 5 replications i.e. T1 (10% basil, 90% tapioca), T2 (15% basil, 

85% tapioca), T3 (20% basil, 80% tapioca), T4 (25% basil, 75% tapioca). Linear 

expansion was measured using ruler, hardness/crispiness using texture 

analyzer, color using digital colormeter, and organoleptic testing was done by 

25 panelists. The research showed that basil cracker had linear expansion of 

166-235%; hardness of 1264.8-1837.6 gF; L* value of 22,47-40,40 and a* value 

of -20.73 to -12.67. Variation of basil proportion gave significant effects to linear 

expansion, crispiness, and color of basil cracker. The best treatment was T2 

(15% basil, 85% tapioca) because it had high linear expansion and bright color, 

was crispy, and preferred by panelists. 

 

 

 

Introduction 

Crackers are popular snack in Indonesia and often 

consumed as side dish. The raw material for crackers are 

easy to obtain and the production process is simple 

(Suprapti, 2005). Crackers are typically made from 

starch as the main ingredient which is mixed with water. 

The resulted dough is molded and then boiled or 

steamed. Subsequently, the dough is cooled, sliced, 

dried until the water content reaches approximately 10%, 

and fried (Zulfahmi et al., 2014).  

Flavor-inducing raw materials such as shrimp and 

mackerel are commonly added to crackers’ dough in 

order to increase its palatability, thus the crackers are 

named shrimp cracker and mackerel cracker, 

accordingly. Flavor improvement can also be obtained 

from vegetal sources. Using plant based material has 

some advantages as it is cheaper, non allergenic and it 

may also act as food diversification. Basil leaf (locally 

known as Kemangi), has strong and distinctive odor 

hence it is suitable to be used in crackers’ flavor 

improvement.  

Basil contains essential oils which also 

responsible for its specific odor. The composition of the 

essential oils is influenced by its growing environment 

(Sulianti, 2008). In addition to sineol and eugenol 

essential oils, basil contains range of flavonoids, 

saponins, and tannins. Basil is known to be able to inhibit 

the growth of pathogenic bacteria such as Candida 

albicans, Streptococcus mutans, and Lactobacillus casei 

in an in-vitro set up (Harmely et al., 2014). In the field of 

health, basil has shown effects as appetite stimulant, 

laxative, fragrances, and breast milk stimulator (Sulianti, 

2008). 

The addition of basil in crackers will affect the 

physical and consumer’s acceptance. This research 

aimed to evaluate the effect of basil proportions to linear 
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expansion, crispiness, color, and organoleptic aspects of 

basil crackers. The benefit of this research was to 

provide best formula in the production of basil crackers. 

 

Materials and methods 

Basil Crackers Production 

Basil leaves were separated from the stalk and 

then weighed according to the desired weight and then 

washed and drained. The leaves were then pulverized 

and mixed with tapioca flour according to the treatment, 

which were T1 (10% basil, 90% tapioca), T2 (15% basil, 

85% tapioca), T3 (20% basil, 80% tapioca), T4 (25% 

basil, 75% tapioca). The resulted mixture were 

subsequently added with 2% (w/w) of salt, 2% (w/w) of 

baking powder, 2% (w/w) of beaten egg and 100% (v/w) 

of water. The dough was put into a mold that has already 

been oiled and then steamed for 45 minutes. During the 

steaming process, the container was covered with 

perforated aluminum foil. The steamed dough was 

cooled to room temperature for 10 hours then put in the 

freezer for 2 hours before it was sliced into 2 mm thick. 

The slices were dried in oven at 45°C for 20 hours. The 

dried slices (pellets) were deep fried at 190°C for 25 

seconds (Zulfahmi et al., 2014). 

  

Linear Expansion 

The expansion of the crackers was analyzed by 

comparing the area (length x width) of cracker before and 

after frying according to Mustofa and Suyantono (2011). 

The crackers’ linear expansion was calculated by the 

following formula, where A was area of cracker before 

frying (cm
2
) and B was area of cracker after frying (cm

2
): 

Linear expansion	= 
B - A

A
 ×100% 

 

Hardness  

Basil cracker hardness was measured using a 
Brookfield CT3 texture analyzer with a cylinder probe 

according to Kusnandar et al. (2010). The equipment 

was set with a 4.5 g trigger; deformation of 5.0 mm; and 

speed of 2.5 mm/s. Hardness is expressed as gram force 

(gF). 

 

Color 

The color of fried basil crackers was measured 

using a digital color meter FL-03-12 and expressed in L* 

for its lightness and a* for its greenness according to 

Akbar et al. (2017).  

 

Organoleptic Test Procedures  

The organoleptic test of basil cracker was done by 

ranking and hedonic test according to Setyaningsih et al. 

(2010). The analysis involved 25 semi-trained panelists. 

Each sample was randomly coded. In the ranking test, 

panelists were asked to sort the sample according to 

their intensity of pre-determined parameters. The 

hedonic test shows the level of consumer acceptance. 

Panelists were required to provide a personal response 

to the likes or dislikes of the samples presented. No 

similar score was allowed in ranking test whereas 

panelists were allowed to give similar score in hedonic 

test on a scale of 1-5 (very dislike – very like). 

 

Data Analysis 

Data were statistically analyzed with SPSS 

software using ANOVA at 5% significance level to 

evaluate the effect of variation of basil proportion. If the 

effect of basil proportion variation was significant then 

the analysis was continued with Duncan post-hoc test to 

find out the difference effect of variation of basil 

proportion on basil cracker characteristics (Hardianto et 

al., 2012). The results of organoleptic test were analyzed 

using non-parametric Kruskal-Wallis test and then 

followed by Mann-Whitney test for post-hoc test (Raffo et 

al., 2018). 
 

Results and Discussion 

Linear Expansion 

According to Table 1, it can be seen that T1, T2, 

T3, and T4 had linear expansion of 235%, 204%, 199%, 

and 166%, respectively. The increasing proportion of 

basil and the reduced proportion of tapioca starch 

resulted in a significant decrease in the linear expansion 

based on the ANOVA test. The expansion of crackers 

was caused by a vapor expansion process which was 

trapped in the raw cracker structure. The sudden 

expansion of water vapor caused by rising temperature 

when crackers are being fried will push the starch gel and 

cause the formation of hollow structures so that the 

volume is enlarged (Mulyana et al., 2014). Decrease in 

linear expansion occurs due to the decrease in total 

amylopectin in crackers in line with the decrease in the 

proportion of tapioca starch (Nurul et al., 2009). 

Amylopectin has a less compact structure so it is not 

strong enough in resisting the puffing when crackers 

being fried (Wahyuningtyas et al., 2014). 

One of the phenomena that occur in the 

manufacture of crackers is gelatinization. This occurs 

when the starch is heated with water so that the starch 

granules swell, the viscosity of the dough will be higher 

and become more transparent (Parker and Pace, 2017). 

The higher the amylopectin content, the linear expansion 

product increases because amylopectin is easy to trap 

water (Ramadhani and Murtini, 2017) thus 

accommodates the gelatinization process. 

Tabel 1. Result of Physical Properties Analysis of Basil Cracker with Different Basil Proportion 

Treatment 

(basil, tapioca) 
Linear Expansion (%) Hardness (gF) L* a* 

T1 (10%, 90%) 235
b
 ± 36,97 1837,6

b
 ± 392,5 40,40

c
 ± 3,15 -20,73

a
 ± 0,72 

T2 (15%, 85%) 204
ab

 ± 32,40 1567,0
ab

 ± 217,3 29,47
b
 ± 3,52 -15,60

b
 ± 1,62 

T3 (20%, 80%) 199
ab

 ± 37,75 1457,7
a
 ± 250,8 26,60

b
 ± 2,20 -14,27

b
 ± 0,92 

T4 (25%, 75%) 166
a
 ± 20,21 1264,8

a
 ± 137,4 22,47

a
 ± 2,17 -12,67

c
 ± 0,88 

Note: L*= lightness, a*= greenness, different superscript letters in one column showed real differences. 

a* with a negative value indicates that the basil crackers were green. 
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Fiber in the formula reduces the volume of 

crackers (Ahmed and Abozed, 2015). In addition to the 

reduced proportion of tapioca, the decrease in the linear 

expansion process is also due to the increasing amount 

of fiber as the proportion of basil increases. The linear 

expansion of T1 cracker was significantly different from 

T4. The addition of basil proportions up to 20% has no 

significant effect on the linear expansion crackers while 

the addition of 25% basil proportion significantly 

decreased the expansion of crackers. 

 

Hardness and Crispiness 

Crispiness is related to the sound produced when 

the food is chewed (Paula and Silva, 2014). Food 

structure is one of the factors that affect the crispiness. 

A little force given to crunchy food will lead to fragile 

structures resulting in vibration and sound formation 

(Saeleaw and Schleining, 2011). In products that 

processed by frying, crispiness is one of the important 

parameters that need to be controlled. 

Hardness is related to the force required by the 

teeth to suppress food (Paula and Silva, 2014). 

Hardness on crackers can be determined by sensory test 

using the term of crispiness. The value of crispiness is 

the opposite of hardness hence low hardness value 

reflects high crispiness (Nurul et al., 2009). 

Based on Table 1, it can be seen that T1, T2, T3, 

and T4 had hardness of 1837.6 gF; 1567.0 gF; 1457.7 

gF; and 1264.8 gF, respectively. The increasing 

proportion of basil and the reduced proportion of tapioca 

starch resulted in a significant decrease in hardness 

against basil crackers based on ANOVA test. The 

decrease of hardness was evidently shown in the 

addition of basil as much as 20% and 25%. This 

indicates that crackers are quantitatively crispier with the 

addition of basil. 

However, based on Figure 1, it can be seen that 

the difference in value of crispiness in the ranking test 

was not significant. This suggests that the panelists 

could not differentiate the crispiness on crackers with 

different basil proportions despite the crispiness of basil 

crackers was significantly different in quantitative 

analysis. The addition of basil proportions up to 25% had 

no significant (negative) effect on the crispiness of 

crackers by organoleptic test. The result is favorable 

because normally the addition of plant based material 

affects the crispiness, even according to hardness 

analysis the crackers become crispier with the addition 

of basil. Hedonic test result in Figure 2 shows that T2 

crackers with an average value of 4.16 was the most 

favored crispiness by panelists. 

Crispiness is affected by the difference of size and 

cavity density in the cracker structure. The cavities that 

formed make the crackers become less hard and crispy. 

The formation of a cavity structure also determines the 

linear expansion of crackers. The larger the cavities are 

formed, the greater linear expansion. In general, 

crispiness will increase along with the increasing degree 

of puffing/linear expansion (Nurul et al., 2009). However, 

in this study the increase in linear expansion was not in 

line with the increase of crispiness. The presence of fiber 

due to the addition of basil is speculated to damage the 

compactness of the starch structure so that the dough 

becomes brittle and less hard hence the crispiness 

increases. 

 
Color 

The results of the color ranking test showed 

significant differences (p<0.05) in value (Figure 1). This 

indicates that the panelists can distinguish colors on 

crackers with different basil proportions. The results of 

organoleptic test showed that the greenest to the least 

green crackers were sequentially T4, T3, T2, and T1. 

Based on Figure 2, T2 crackers with an average value of 

hedonic test 4.00 had the most favored green color by 

panelists (p<0.05). In general, panelists like basil 

crackers that have less dark green color and not too 

bright. 

The color measurement with the model L*a*b* 

shows the result in 3 dimensions. L* (lightness) indicates 

brightness. The value ranges from 0-100, 0 indicates 

black color and 100 white color. The a* value represents 

the red-green profile where a* with a negative value 

indicates that the basil crackers are green. The b* value 

describes the yellow-blue profile. The yellow color 

expressed as b+ whereas blue b- (Akbar et al., 2017). 

The green color on the basil crackers is influenced 

by the presence of chlorophyll contained in basil. 

Chlorophyll is a special pigment of green plants 

(Dumbrava et al., 2012). The more basil proportions are 

added, the green color of the crackers gets darker. 

However, in accordance with the results of quantitative 

analysis (Table 1), the addition of the number of basil 

proportions caused the value of a* closer to zero. This 

indicates the intensity of the green color on cracker was 

reduced. On the other hand, the L* value decreased with 

the addition of basil portion which indicates that the 

cracker's brightness level decreased. It turned out that 

the formation of dark green color due to the addition of 

basil is the result of a combination of decreasing 

brightness (getting darker) and the intensity of green 

color that is getting faded quantitatively. This was in 

contrast to panelist perceptions. Panelists consider that 

the most concentrated green crackers were the greenest 

crackers (dark green). 

Using sensory analysis in order to evaluate the 

characteristic of product is lack in accuracy and tends to 

be subjective. Therefore, quantitative analysis is 

generally more preferred. This study has shown however 

that using quantitative analysis result only will fail to 

interpret the real phenomena occurred in basil crackers 

and leads to wrong conclusion of fading greenness due 

to the addition of basil. 

 

Odor 

The results of the ranking test (Figure 1) show that 

the panelists can distinguish the odor of basil crackers 

with different proportions (p<0.05). Basil has a distinctive 

odor that affects the characteristics of the resulting 

crackers. However, the assessment may also be 

affected by the bias caused by the obviously difference 

in color of the cracker. Panelists might allegedly sort the 

rank of odor of basil crackers based on their color. 

Panelists may consider that the crackers with the 



Journal of Applied Food Technology 5 (1) 1–5  

 

 4 

greenest color (dark green) were a cracker that has the 

most distinctive smell of basil. In order to overcome the 

bias, organoleptic test should be conducted using red 

lighting as color masking (Braghieri et al., 2016). The 

result of hedonic test (Figure 2) shows that panelists like 

the crackers with less basil odor. T2 crackers odor with 

an average value of 2.84 in hedonic test values was the 

most preferred by panelists. 
 

 

Figure 1. Ranking test chart 

Note for score: Odor (1. Less typical basil, 4. More typical basil), 

Color (1. Less green, 4. More green), Aroma (1. Less typical basil, 4. 

More typical basil), Bitter Flavor (1. Less bitter, 4. More bitter), 

Crispiness (1. Less crisp, 4. More crisp) 

 

 

 

 

Figure 2. Hedonic test chart 

Note for score : 1. Very dislike, 2. Dislike, 3. Rather like, 4. Like, 5. 

Very like 

 

 

Aroma and Bitterness 

The results of the ranking test in Figure 1 show 

that the difference in aroma was significant (p<0.05). 

However, the panelists could not differentiate the aroma 

between T1 and T2 of basil crackers and could not 

distinguish between T3 and T4. Panelists like crackers 

that have a less-distinctive aroma of basil. Crackers with 

a very distinctive aroma of basil tend to be disliked by 

panelists. T2 crackers with an average value on rank test 

of 2.00 and the average value of hedonic test 3.88 were 

the cracker with the most preferred aroma.  

Similarly, the panelists were able to distinguish the 

difference in bitter taste of basil crackers samples 

(p<0.05). T1 crackers with an average value on ranking 

test of 1.68 and an average value on hedonic test value 

of 3.84 were the least bitter and most preferred crackers 

by panelists. The greater amount of basil proportions 

added makes the basil crackers to be disliked more by 

the panelists due to the increase of bitter taste. 

A typical aroma of basil crackers is caused by the 

presence of essential oils with different chemical 

compositions. In addition, basil also contains various 

kinds of phenolic compounds (Dumbrava et al., 2012). 

The presence of phenolic compounds in high 

concentrations leads to a bitter taste (Rudnitskaya et al., 

2010). 

 
Conclusion 

The increase proportion of basil led to a significant 

decrease in the linear expansion, hardness, brightness, 

and greenness (a* value) of basil crackers. Meanwhile, 

the change in brightness and greenness were 

collectively interpreted to be increase in greenness by 

ranking test. The crackers made by different basil 

proportion were distinguishable in terms of color, aroma, 

odor and bitterness. From the physical properties and 

consumer acceptance, the best treatment was cracker 

with a composition of T2 (15% basil, 85% tapioca) 

because it has a high linear expansion, crispy, bright 

colored and favored panelists. 
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