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Introduction
The skin, the outermost layer of the body in cattle, is a 

by-product of slaughtering livestock and is obtained after 
an animal dies and is skinned. The skin of large and small 
livestock, be it cows, buffaloes, sheep, or goats, has a strong 
tissue structure, so that it can be used for food and non-
food purposes [1]. Skin that has just been removed from 
the animal’s body is called fresh rawhide. This skin is easily 
damaged when exposed to chemicals, such as strong acids, 
and strong bases, or microorganisms. The average chemi-
cal composition of fresh skin is 64% water, 33% protein, 
2% fat, 0.2% minerals, and 0.8% other substances [2]. Fresh 
skin from livestock slaughter can be directly tanned or 
further processed, but not all skin becomes the raw mate-
rial for the tanning industry. The skin that cannot be used 
in tanning can be directly processed in the form of food 
products such as rambak crackers.

Crackers are a type of snacks that undergo volume ex-
pansion to form a porous product and have a puffed ap-
pearance during frying [2], while skin crackers are a by-
product of processed animal skins. The raw material for 
making crackers is fresh skin. Fresh skin intended for pro-
ducing skin crackers should be thick skin separated from 
fat and meat [3]. Cracker processing can be done by frying, 
sand roasting [4], and using a microwave [5].

One of the stages in the manufacture of rambak crackers 
is the calcification process, which will affect the chemical 
quality, especially the water and protein content of crack-
ers. Skin that undergoes calcification will have the low wa-
ter content due to the presence of Ca++ ions that enter the 
tissue so that the cell wall becomes sturdy and water can be 
pulled out of the cell tissue [6]. Soaking in the 0.15% lime 
solution for 15 min allowed achieving the expected quality 
[7]. A higher concentration of the lime solution and longer 
soaking will lead to high-quality crackers.

Liming greatly influences quality of produced skin 
crackers. The purpose of the liming process is to remove 
globular proteins as well as to swell the skin so as to fa-
cilitate the subsequent process, especially to improve 
the physical, chemical and organoleptic qualities of skin 
crackers [8].

The length of calcification will affect the chemical, phys-
ical and organoleptic quality of the resulting skin rambak 
crackers. The longer the calcification process, the better the 
process of removing globular proteins and the hair. The 
calcification process will result in some fat being turned 
into calcium soap that is insoluble in water, so it will be 
difficult for water to be absorbed into the skin and this can 
increase the enlarging capacity of the resulting buffalo skin 
rambak crackers [9].
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Based on this background, further studies are needed 
for the manufacture of skin rambak crackers in the long 
process of skin immersion in the lime solution to produce 
high-quality skin rambak crackers.

Materials and Methods
A part of the buffalo skin used for preparation of crack-

ers was belly, and the selected parts of the skin were intact/
not torn, not injured/bruised, without black spots on the 
skin surface. This skin was dried using a temperature of 
60 °C, which is expected to be sufficient to inhibit the mi-
crobial growth. The dry skin containing 2.31% — 2.84% of 
water was obtained after drying.

In this study, the skin from Simeulue buffalo and cal-
cium oxide obtained from Lambaro’s traditional market, 
Aceh Besar, were used. Ingredients used were cooking oil, 
water, garlic and salt. The tools used in this study were 
cork, winnower, knife, pan, cutting board, stove, tarpaulin, 
fried spoon, oil sieve, scales, bucket, porcelain cup, oven, 
and desiccator.

Research Procedures
The stages of the process of making buffalo skin rambak 

crackers were as follows:
1. Soaking in water

Skin soaking was done with clean water for two hours.
2. Calcification
 Skin that underwent soaking in water, was then put in 

a solution of lime (0.4 kg of lime in 5 L of water for 1 kg 
of skin). The treatment length was 76 hours, 86 hours, 
96 hours, and 106 hours. Stirring was done every five 
hours.

3. Removal of lime and the hair
 Removal of lime was done by washing the skin using 

clean water (five liters for each treatment) repeated 
five times. The hair was removed by scraping using 
a knife.

4. Boiling
 Boiling of the skin was done in boiling water at a tem-

perature of 90 °C for two hours. Then it was winded.
5. Grinding

Skin was ground to a size of 3 × 2 cm.
6. Drying I

Drying was done in sunlight for one day.
7. Seasoning by soaking
 Crackers from drying I were soaked in a seasoning so-

lution (salt 2% and garlic 5%).
8. Drying II
 Second drying was done in sunlight for 2–3 days (until 

dry).
9. Frying
 Frying I: crackers were put in a frying pan at a tempera-

ture of 80 °C for 5 min and watered in a tub for one 
day. Frying II (temperature 80 °C for 10 min) and frying 
III (temperature 160 °C until crackers expand perfectly) 
were performed afterwards.

Research Methods
This study used a factorial complete randomized 

design (CRD) with a length of calcification consist-
ing of four treatment standards namely A = 76 hours, 
B = 86 hours, C = 96 hours and D = 106 hours. Each treat-
ment was carried out in five replicates so that 20 samples 
were obtained.

Analysis Methods
The parameters analyzed included the water content, 

yield, volume expansion and organoleptic characteristics. 
To determine the water content, a sample was put into a 
porcelain dish and dried in an oven for two hours at 110 
°C; after drying, the sample was placed in a desiccator 
and the final weight was measured [10]. The yield deter-
mination was carried out by comparing the percentage of 
crackers produced per unit of skin used [11]. The volume 
expansion was determined by the ratio of the volume of 
raw crackers to the volume of fried crackers [12]. For de-
termination of organoleptic characteristics (color, taste, 
aroma, and texture), the 5-point hedonic scale was used, 
where: 1 = dislike very much; 2 = dislike; 3 = like slightly; 
4 = like; and 5 = like very much. Organoleptic analysis was 
performed by panelists recruited and trained to carry out 
specific tasks of organoleptic evaluation [13]. All data pre-
sented in the study were analyzed using analysis of vari-
ance (ANOVA) with SPSS2010 software. If the results of 
ANOVA showed a difference in treatment, analysis was 
continued with the smallest real difference test with a 
level of 5%.

Results and Discussion
Water content
The water content is an amount of water contained in 

the material expressed in the percent. The water content is 
one of the very important characteristics of food, because 
water can affect the appearance, texture, and taste of food. 
The water content in food also determines the freshness 
and durability of foodstuffs. When the water content is 
high, it is easy for bacteria, mold, and yeast to multiply, so 
that there will be changes in food [14].

The water content of the resulting skin crackers ranged 
from 10.96% to 11.36% with an overall average value of 
11.16%. The results of the analysis of variance show that the 
long treatment by skin immersion in the calcium solution 
did not have a noticeable effect (P > 0.05) on the water con-
tent of buffalo skin crackers produced.

Table 1. Effect of skin immersion in the calcium solution on the 
water content of buffalo skin crackers

Length of calcification (hours) Water content (%)
A = 76 11.04 ± 0.03ns

B = 86 11.26 ± 0.06ns

C = 96 11.36 ± 0.10ns

D = 106 10.96 ± 0.17ns

Note: ns = not significant
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Table 1 shows that the highest water content (11.36%) 
was found in the sample that underwent treatment by skin 
immersion in the calcium solution for 96 hours, while the 
lowest water content (10.96%) was in the sample subjected 
to skin immersion in the calcium solution for 106 hours. 
This is because the length of skin immersion in the lime 
solution can enlarge the pores on the skin, so that the water 
contained in the skin can come out and the water content 
of the skin will decrease. In the frying process, there will be 
evaporation of bound water due to an increase in tempera-
ture, so air cavities in fried crackers will be formed [15].

From the results of the study, it is clear that there are 
differences in the water content whereby not all treatments 
by skin immersion in the calcium solution for a relatively 
long time resulted in the low water content. It can be seen 
from Table 1 that skin immersion in the calcium solution 
with a 96-hour soaking duration led to a higher water 
content than skin immersion in the calcium solution for 
76 hours and 86 hours. It is assumed that unequal levels of 
skin thickness may cause fluctuations in the water content 
in the skin. This is confirmed by the opinion of [9], who 
stated that the water content in each part of the skin is not 
the same.

An effect of liming time on rambak quality parameters 
was also observed by other researchers. In [16] Widati et al. 
compared four treatments with liming duration of 24, 48, 
72 and 96 hours and found that the best result was achieved 
when using 96-hour treatment. The rambak crackers had 
the protein content 6.10%, water content 0.11%, calcium 
content 1.88%, volume expansion ratio 372.12%, crispness 
score 5.38 and taste score 6.89 [16].

The water content of crackers decreases from the begin-
ning to the end of the drying process. One of the studies 
on drying skin crackers reports that during the 30-hour 
drying stage, the cracker moisture content dropped from 
63.4% to around 10–20% [17]. However, the moisture con-
tent during storage is affected by the length of storage. An 
increase in the water content causes a decrease in crispness 
of crackers [18].

Yield
Yield is a percentage of products obtained from the 

comparison of the initial weight and final weight of the 
material. The yield of buffalo skin crackers was deter-
mined by weighing the final product and comparing the 
obtained weight to the weight of the initial product be-
fore the process.

The resulting yield value ranged from 57.87% to 61.23%. 
The average overall yield value was 59.56%. The results of 
the analysis of variance show that the long treatment by 
skin immersion in the calcium solution did not have a no-
ticeable effect (P > 0.05) on the yield value of buffalo skin 
crackers produced. The small yield of skin crackers was af-
fected by cell, tissue and structure types. It is worth noting 
that each part of the skin has different types of cells, tissues 
and structures.

Table 2. Effect of skin immersion in the calcium solution on the 
yield of buffalo skin crackers

Length of calcification (hours) Yield (%)
A = 76 60.49 ± 1.22ns

B = 86 61.23 ± 2.79ns

C = 96 58.64 ± 0.10ns

D = 106 57.87 ± 0.95ns

Note: ns = not significant

This corresponds to [19], which states that one of the 
factors that influence the yield of skin crackers is the skin 
structure or the part of the skin itself, where each layer 
has the specific structure. The skin structure can be loose, 
dense, thick, thin, so it could affect the small yield pro-
duced.

Volume expansion
Volume expansion of crackers is one of the most im-

portant factors for cracker quality because it determines 
consumer acceptance [20]. Basically the phenomenon of 
cracker volume expansion is caused by the pressure of 
steam formed from heating the water in the material so 
that it urges the structure of the material to form an ex-
panding product. The enlarging capacity of skin crackers 
ranged from 33.33% to 83.33%. The overall average volume 
expansion of crackers was 63.33%. The results of the analy-
sis of variance for volume expansion in buffalo skin crack-
ers show that the length of skin immersion in the lime 
solution had a very real effect (P < 0.01) on the enlarging 
capacity of buffalo skin crackers produced.

Figure 1 demonstrates that the highest volume expansion 
(76.66%) was obtained when using the long treatment by 
skin immersion in the lime solution for 106 hours, the low-
est volume expansion (46.00%) was in the sample subjected 
to this treatment for 76 hours, while the samples treated for 
86 hours and 96 hours occupied the intermediate position 
(60.66% and 70.66%, respectively). The results of the study 
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Figure 1. Influence of skin immersion in the calcium solution  
on the volume expansion of buffalo skin crackers. The letters  
indicate a significant difference (P < 0.01) between treatments
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show a real effect of the length of skin immersion in the lime 
solution. The longer the soaking of the skin in the lime solu-
tion, the higher the value of the resulting volume expansion. 
It is assumed that long immersion of the skin in the lime so-
lution can remove water contained in the buffalo skin so that 
the resulting skin crackers will expand more easily. When 
crackers expand, cavities will be formed in them. The more 
cavities formed, the more tenuous the structure, so it will be 
easier to break them. Thus, the higher the enlarging capacity 
of rambak crackers, the higher crispness. The mechanism of 
cracker development resides in the release of water trapped 
in the gel during calcification [21].

The frying process at high temperature also influenced 
the quality of the skin crackers in this research. Choe and 
Min [22] noted that frying is the process of cooking food 
ingredients using hot fat or oil at high temperatures. Deep 
frying leads to changes in stability and quality, taste, color 
and texture of fried food and the nutritional value of fried 
food [22].

The frying process causes the crackers to expand/de-
velop. The cracker development is caused by the formation 
of air cavities because of the evaporation of water bound 
to the cracker structure due to the influence of frying tem-
perature. At the time of boiling the skin, the water will be 
bound in the collagen protein forming a gel with a very 
strong bond so that at the time of drying it is difficult to 
evaporate it, but it can be removed at the time of frying due 
to the use of high temperatures [23]. The amount of water 
absorbed during cooking plays a role in conversion col-
lagen into gelatin, and affects the level of the development 
and crispness of the rambak crackers produced [16].

Organoleptic test
The organoleptic test is also called the sensory test be-

cause it is based on sensory stimulation of the five senses 
such as sight, smell, touch, taste and hearing [24]. The 
purpose of the hedonic test or the test of preference is to 
find out the panelists’ response to sensory quality charac-
teristics, for example, color, taste, aroma, and texture [13]. 
Sometimes, the organoleptic test can be more dependent 
on a type and specifications of ingredients / food products.

Table 3. Average organoleptic scores of buffalo skin  
rambak crackers depending on the length of immersion  
in the calcium solution

Soaking time in calcium 
solution (hours)

Organoleptic scores
Color Taste Aroma Texture

A = 76 3.52ns 3.47ns 3.44ns 3.51ns

B = 86 3.55ns 3.55ns 3.51ns 3.38ns

C = 96 3.57ns 3.53ns 3.59ns 3.41ns

D = 106 3.51ns 3.61ns 3.63ns 3.30ns

Note: ns = not significant.
Organoleptic scores: 1) dislike very much, 2) dislike, 3) like slightly, 
4) like, and 5) like very much.

The results of the organoleptic evaluation (color, taste, 
aroma, and texture) demonstrate that the buffalo skin 
rambak crackers produced using soaking in the calcium 
solution corresponded to the panelists’ acceptance level as 
shown in Table 3. The panelists showed a slightly higher 
preference for samples soaked in the calcium solution for 
96 hours with a level of acceptance between “like slightly” 
and “like”. It can be seen from Table 3 that most of organo-
leptic characteristics had scores lower than 4 with the av-
erage organoleptic score of 3.5. It is possible to improve 
the new technology to produce skin crackers with better 
organoleptic characteristics. Additional formulation ingre-
dients may be necessary.

Color
Consumer preference for food products is also deter-

mined by the food color. The food color is influenced by 
the light absorbed and reflected from the material itself 
and is also determined by color dimensions [25]. Color is a 
feature of food products that attracts the most attention of 
consumers and most quickly gives the impression of being 
liked or not. The color intensity of the crackers depends 
on the pigment changes that occur during ripening; the 
changes are determined by a type of crackers and length 
of ripening. The process of cooking or processing food can 
cause the color of foodstuffs or products to become bright-
er because of the loss of pigment due to the release of cell 
fluids [26].

Figure 2. The color of rambak crackers from buffalo skin
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The data from the analysis of the influence of long im-
mersion of the buffalo skin in the lime solution on the 
color of the produced buffalo skin crackers show that the 
organoleptic scores of the color ranged from 3.51 to 3.57 
with the average score equal to 3.54. The results obtained 
suggest that the long treatment of the buffalo skin by im-
mersion in the lime solution had an unreal effect (P > 0.05) 
on the color of the resulting buffalo skin crackers.

The color of buffalo skin crackers can been seen in 
Figure 2.

Figure 2 shows that the color of the skin crackers did 
not differ between treatments. The color of skin crack-
ers produced in this research tend to be bright and there 
was no dark color in the tested samples. Relatively the 
same color impression is associated with relatively the 
same sorting process resulting in relatively the same color 
changes.

Taste
One of the factors that play an important part in deter-

mining the final decision of consumers to accept or reject 
a product is taste. Even if other evaluation parameters are 
good, a product with bad taste will be rejected by consum-
ers. The basic tastes include salty, sweet, bitter, and sour 
[27]. The great role in perceiving these basic tastes is played 
by taste buds on the tongue in the oral cavity. However, 
besides the above mentioned basic tastes, some research-
ers also regard other tastes such as metallic and savory as a 
result of perception by taste receptors [28].

In this study, the value of the panelists’ liking of the 
taste of buffalo skin crackers ranged from 3.47 to 3.61 with 
the average score equal to 3.54.

The results of the analysis of variance of organolep-
tic scores for skin cracker taste show that the length of 
skin immersion in the lime solution (76, 86, 96 and 106 
hours) did not have a noticeable effect (P > 0.05) on the 
organoleptic scores for taste of the resulting buffalo skin 
crackers.

In addition, skin crackers that were fried using oil had 
a distinctive flavor of fried skin crackers. The savory taste 
found in skin crackers can be caused by protein contained 
in the crackers. During the cooking process, protein will be 
hydrolyzed into amino acids, namely glutamic acid, which 
can cause delicious taste.

Aroma
The aroma organoleptic analysis is a sensory analysis 

that is usually carried out after observing the general ap-
pearance of the product. The aroma of a food product can 
determine the delicacy of the food. Its emergence is caused 
by the formation of volatile compounds. The aroma that 
each food emits is different. In addition, different cooking 
methods will lead to different aromas [29,30].

Based on the sensory test results, it has been found that 
buffalo skin crackers had a distinctive aroma, which was 
also influenced by sunlight drying. The value of panelists’ 

liking of aroma of skin crackers ranged from 3.44 to 3.63 
with the average score equal to 3.54. The highest panelists’ 
score for aroma of skin crackers (3.63) was in the samples 
with a 106-hour soaking length, while the lowest score 
(3.44) was in the samples subjected to immersion for 76 
hours.

The results of the analysis of the organoleptic properties 
of skin crackers demonstrate that the length of skin im-
mersion in the lime solution (76 hours, 86 hours, 96 hours, 
and 106 hours) did not have a noticeable effect (P > 0.05) 
on the organoleptic scores for aroma of the resulting buf-
falo skin crackers. This is because skin soaking in the lime 
solution does not impart aroma that would be strong 
enough to change the aroma of the resulting skin crackers. 
However, the results show that the longer skin soaking in 
the lime solution, the higher the level of panelists’ liking of 
aroma of buffalo skin crackers.

Texture
Texture is a factor that determines a product. Texture 

assessment aims to determine the panelist’s acceptance of 
the level of elasticity or tenderness of a product that can be 
assessed using the sense of touch. Food texture testing is 
an attempt to find the exact texture parameters that are the 
quality attributes of the food in question, and then deter-
mine the most appropriate common terms in the category 
of parameters accompanied by additional information to 
state their levels [31].

The organoleptic scores for texture ranged from 3.30 
to  3.51. The overall average organoleptic score of buffalo 
skin cracker texture was 3.40. The score for panelists’ liking 
of the texture of buffalo skin crackers was the highest (3.51) 
upon using the long treatment by skin immersion in the 
lime solution for 76 hours, while the lowest panelists’ score 
(3.30) was in the samples treated by skin immersion in the 
lime solution for 106 hours.

The results of the analysis of organoleptic scores of 
buffalo skin cracker texture show that the treatment with 
the lime solution using different calcification periods did 
not have a noticeable effect (P > 0.05) on the organolep-
tic scores of the texture of buffalo skin crackers. This is 
because long skin immersion in the lime solution can re-
move water contained in the skin. The skin has different 
connective tissues, so the skin will be easily overhauled 
by lime and cavities contained in the skin will be more 
easily opened. If the cavities in the skin have opened, then 
the skin will more easily expand and produce a crisp skin 
cracker texture, so that the resulting skin crackers will be 
preferred by panelists. Each panelist’s perception of food 
product taste is different, so the rate of panelist accep-
tance of skin crackers was not the same. This is supported 
by [32], which states that all resulting skin cracker prod-
ucts have a level of liking that tends not to be the same for 
mature products.

Analysis of the chemical characteristics of various com-
mercial animal skin cracker products indicate that the cow-
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hide crackers have the best nutritional value compared to 
other skin crackers. Table 4 demonstrates that the highest 
crude protein content was in cowhide crackers (56.79%) 
and buffalo skin crackers (51.45%), while the lowest crude 
protein content (42.00%) was in the samples of chicken 
skin crackers [33].

Table 4. Comparison of the chemical characteristics of various 
commercial animal skin cracker products [33]

Product category

Cowhide 
crackers

Buffalo 
skin 

crackers

Fish 
skin 

crackers

Chicken 
skin 

crackers
Crude protein content 56.79 51.45 48.00 42.09
Fat content (%) 23.33 33.05 35.13 45.53
Moisture content (%) 1.79 1.95 2.21 2.15
Ash content (%) 3.96 1.25 4.14 3.91
Free fatty acid value (%) 0.41 0.75 2.24 1.79
Thiobarbituric acid value 
(mg malondialdehyde /kg) 0.96 1.43 1.75 1.97

It can be seen from Table 4 that buffalo skin crackers 
have a good nutritional value and the nutritional compo-
sition of buffalo skin crackers is not much different from 
that of cowhide crackers.

Conclusion
The results of the study indicate that the length of skin 

soaking in the calcium solution in the manufacture of buf-
falo skin crackers had a very real effect (P < 0.01) on the 
enlarging capacity of skin crackers and had no real effect 
(P > 0.05) on yield, organoleptic scores of color, taste, aro-
ma, and texture. Skin immersion in the calcium solution 
for 106 hours led to the best skin crackers with the follow-
ing characteristics: moisture content 10.83%, yield 57.87%, 
expansion volume 76.66%, color score 3.51, taste score 3.61, 
aroma score 3.63, and texture score 3.30. Although, all or-
ganoleptic characteristics had scores lower than 4, it is pos-
sible to improve the new technology with appropriate se-
lection of ingredients to produce skin crackers acceptable 
to all circles of consumers.
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