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Introduction:-

Vegetables including foodstuffs which contain many nutrients and beneficial for humans. In addition, vegetables as
a large of dietary fiber source for human body. Dietary fiber is useful for the smooth functioning of digestion and
metabolism in the body *. Nowadays, the food consumption patterns are to produce a healthy and practical food
product such as carrot chips. The carrots have the nutrients that the body needs, especially as a source of pro-vitamin
A or 3-carotene. The content of pro-vitamin A found in carrots is 12.000 1U or 7125 pg (1 1U = 0.6 ug R-carotene).
Pro-vitamin A is a chemical compound forming vitamin A which is very necessary for vision, growth and
development and maintaining epithelial tissue in a healthy state. The results showed that the nutrient deficiency is
also related to the high morbidity and mortality, especially among children under five years old. Each year is
estimated at more than 60,000 Indonesian children suffer from severe visual impairment level and a third of them
became blind who could not be cured. This is because the consumption of vegetables is still low among carrots 2.

Nowadays, vegetables consumed in the form of processed or cooked into various vegetables and consumed in the
form of raw or fresh. The processing technology is required to maintain the availability and increase the domestic
consumption of vegetables. One alternative is to do is process into chips vegetables *. According to *, the chips
classified as types of food crackers, dry, and crispy. Chips are a kind of dry food that has long been known popular
as a snack.
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The vacuum frying defined as the process of frying with pressures below atmospheric pressure, generally below 50
Torr (6.65 kPa) due to the pressure drop in the boiling point of oil and materials . The vacuum frying has several
advantages, among others, can reduce the oil content in the product, to retain color and distinctive taste of the
product due to the use of low temperature and low oxygen levels during the process, and have a negative impact less
on the quality of oils °. Frying foods can change the pore structure of the products with the phenomenon of
shrinkage or swelling ®’. The structural changes affecting the diffusivity of the gas and the liquid in the material ®.
Various approaches have been proposed to study the structural changes during drying. ° studied the drying potatoes
and apples to take into account the shrinkage of the material and incorporate variable (term) rate on total water
transfer equation by assuming an isothermal drying. ° studied the shrinking gel using gel gluten food starch
modified Darcy's Law to calculate deformation fiscoelastis.

The changes that occur during frying is still difficult to model because of the many interrelated factors and should be
taken into account, so it is necessary to identify structural changes during the frying in order to obtain better
understand regarding the quality changes that occur. Porosity product formed during frying plays an important role
in further oil absorption if crust begins to form on the surface of the product, for example there will be a pressure
high enough then the product becomes fluffy. Our literature review showed frying models that have been developed
so far have not shown a correlation between the raw material and the condition of the frying pan of volume change,
such as shrinkage, porosity development and changes to the product. The purpose of this study was to investigate the
effect of temperature and frying time on characteristics (crude fiber, vitamin C, free fatty acid and total carotenoids
content) of carrot chips using vacuum frying machine.

Materials And Methods:-

Materials:-

Carrot (Daucus carota, L.) variety Imperator was kindly provided by a local farmer in Batu Palano, Agam, West
Sumatera-Indonesia, commercial palm oil, polipropilen, chemicals for analysis. The equipments used are vacuum
frying machine water-jet type with 1.5 kg per batch (PT. Mesin Globalindo-Malang), spinner, hand sealer, and
equipment for analysis.

Sample preparation and frying conditions:-

The carrots were washed, peeled, cut into slices (about 5 mm thickness). Banana slices were washed, drained and
weighed before the frying. A vacuum fryer used vacuum frying machine water-jet type with 1.5 kg per batch (PT.
Mesin Globalindo-Malang). A batch of 1.5 kg of carrot slices was placed in the vessel and fried in 12 L of palm oil
under vacuum (-60 cmHg). The treatments studied in this work were: (1) carrot chips were fried at three levels of
frying temperature (80°C, 85°C, and 90°C), (2) various frying time (50, 60, and 70 minutes). After vacuum frying,
the fried carrot chips were to remove the frying oil used spiner (£5 minutes). Finally, a sample of fried carrot chips
was packed in each polipropilen bag and carried to laboratory for analysis

Methods:-

This study used a completely randomized design (CRD) 3x3 factorial design. The first factor is frying temperature
(80°C/A1, 85°C/A2, and 90°C/A3) and the second factor is frying time (50 minutes/B1, 60 minutes/B2, and 70
minutes/B3). The treatments are A1B1 (T:80°C,t:50min.), A1B2 (T:80°C,t:60min.), A1B3 (T:80°C,t:70min.), A2B1
(T:85°C,t:50min.), A2B2 (T:85°C,t:60min.), A2B3 (T:85°C,t:70min.), A3B1 (T:90°C,t:50min.), A3B2
(T:90°C,t:60min.), A3B3 (T:90°C,t:70min.). Analysis crude fiber **, vitamin C 2, free fatty acid ', total carotenoid
13 Statistics analysis used software SPSS 15.0.
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Results And Discussion:-
Crude Fiber Content:-
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Figure 1:- Effect of frying time and temperature on the crude fiber content of carrot chips

According to figure 1, interaction of frying time and temperature showed significantly different (P<0.05) the crude
fiber content of carrot chips. The treatment A1B1 (T: 80°C, t: 50 min.) had the highest crude fiber content that is
20.76%, while treatment A2B2 (T: 85°C, t: 60 min.) has the lowest crude fiber content that is 12.19%. Dietary fiber
is a component of plant tissue that is resistant to hydrolysis by enzymes in the stomach and small intestine. These
fibers come from the cell walls of various vegetables and fruits. Chemically the cell wall consists of several types of
carbohydrates such as cellulose, hemicellulose, pectin and lignin polymer noncarbohydrate-like, and mucilage.
Therefore dietary fiber generally is carbohydrates or polysaccharides. Various types of plant foods generally contain
a lot of dietary fiber. Approximately only about one-fifth to one-half of all crude fiber actually serves as dietary

fiber. In the process of vacuum frying and cooking with low temperature heating, crude fiber content in carrot chips
relative does not decline compared to the fresh ingredients **.

Vitamin C:-
Based on figure 2, interaction of frying time and temperature showed significantly different (P<0.05) the vitamin C
content of carrot chips. The treatment A3B3 (T: 90°C, t: 70 min.) had the highest vitamin C content that is 0.33%.

Vitamin C content of carrot chips in figure 2 ranged from 0.13 to 0.33%. This is due to differences in temperature
and frying time resulted in differences in the vitamin C content of carrot chips are produced with vacuum frying.
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Figure 2:- Effect of frying time and temperature on the vitamin C content of carrot chips
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Free Fatty Acid content:-

Figure 3 showed the interaction of frying time and temperature showed significantly different (P<0.05) the free fatty
acid content of carrot chips. The treatment A3B3 (T: 90°C, t: 70 min.) had the highest free fatty acid content that is
7.92%, while treatment A3B1 (T: 90°C, t: 50 min.) has the lowest free fatty acid content that is 3.91%. The free fatty
acid of carrot chips ranged from 3.91% to 7.92%. It shows that most of the fatty acids content in carrots consisting
of free fatty acids with a single bond. The rates of oxidation of the double bond run faster due to a chemical reaction
and the carbon chain termination. This is consistent with research conducted *°, which states that the stability of the
oil depends on the number of double bonds. The more double bonds the lower oil stability. High content of fatty
acids will cause rancidity which indicates that the product has been damaged.
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Figure 3:- Effect of frying time and temperature on the free fatty acid content of carrot chips

The free fatty acid content of carrot chips based on result still lower, it make carrot chips is not easy rancid and can
have a long shelf durability. Therefore do not yet have SNI, free fatty acid carrot chips level can be compared with
SNI chips tubers *°. The average levels of total carotenoids and free fatty acids carrot chips using a combination
treatment time and temperature vacuum frying. The content of free fatty acids is widely used by many food industry
players as an indicator of oil damage. This method is a method of monitoring a relatively fast and reliable to
measure the acidity of the oil during frying. Free fatty acid is mainly formed by hydrolysis of triglycerides and
partly by the decomposition of hydroperoxide cooking oil at high temperatures in the presence of moisture and air.
Free fatty acid formation is strongly associated with a smoke point, where increasing levels of free fatty acid
lowering the smoke point *”. Frying potatoes using palm oil proved that vacuum frying reduces formation of free
fatty acid on palm oil as much as 2 times lower as the formation of free fatty acid to traditional frying pan.
reported that vacuum frying process can reduce the oil content in sweet potato chips and chips beans respectively
were 24 and 16% compared to the sweet potato chips and fried beans chips with traditional frying.

Total carotenoid:-

Based on figure 4, the total carotenoid of carrot chips ranged from 550.50 - 6485.50 mg /100g. The interaction of
frying time and temperature showed significantly different (P<0.05) the total carotenoid content of carrot chips. The
treatment A3B1 (T: 90°C, t: 50 min.) had the highest total carotenoid content that is 6485.50 mg/ 100g, while
sample A3B3 (T: 90°C, t: 70 min.) has the lowest total carotenoid content that is 50.50 mg/ 100g.
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Figure 4:- Effect of frying time and temperature on the total carotenoid content of carrot chips

The total carotenoids compounds are precursors of vitamin A. however, both were found in different places in
nature. Vitamin A is found in liver, butter, milk, eggs, and products derived from animal while R-carotene is found
in many vegetables that are yellow and dark green *°. Vitamin A and R-carotene have properties that are easily
degraded either by light or heating. This causes the intensity of the heating temperature is increased, the levels
continue to decline. *® reported the young beans chips with fried traditional vacuum, showed a higher total
carotenoid (66.61 pg/g db) than traditional fried ( 54.63 pg/g db). This value is much lower than the levels of 8-
carotene on the results of this study. This is understandable because the temperature vacuum frying is done in these
studies is very high, namely 90°C. Besides total carotene is one of the fundamental as precursors of vitamin A that
the number would be smaller.

Conclusions:-

The characteristics (crude fiber, vitamin C, free fatty acid and total carotenoids content) of carrot chips using
vacuum frying machine at different frying temperature and frying time were investigated in this research. the
optimum frying temperature is 90°C and optimum frying time is 50 minutes (A3B1 treatment) which a value of
15.66% crude fiber content, vitamin C 0.19%, free fatty acid (FFA) 3.91% and total carotenoids 6485.50 mg/ 100g.
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