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ABSTRACT 

 

Kem-Buk-Nut, a fermented fish product with pineapple and salt, is an indigenous 

product of North Eastern part of Thailand. Quality of Kem-Buk-Nut is depended on fish 

to pineapple ratio and salt concentration. The changes of physicochemical and antioxidant 

properties during fermentation period depending on a fish to pineapple ratio and degree of 

salt have been rarely studied. Therefore, physicochemical properties and antioxidant 

activity of Kem-Buk-Nut with varied salt concentration and fish to pineapple ratio were 

investigated. Kem-Buk-Nut was prepared by mixing fish fillet with 10, 12 and 14 % salt 

and cured overnight. After that the mixture was mixed with pineapple at  ratio of 50:50 

(FP 5:5) and 30:70 (FP 3:7) and packed in 325 mL crown cap glass bottle and then kept in 

a dark room for 8 weeks. Total acidity, pH, total phenolic content, DPPH radical 

scavenging activity, reducing power and thiobarbituric acid number (TBA) were 

measured. UV-absorbance at 294 nm and color (L*, a* and b*) were also monitored for 

determining non-enzymatic browning. The initial pH value of FP5:5 and FP3:7 regardless 

of salt concentration were 4.6-4.7 and 4.2-4.4, respectively. A dramatic decrease in pH 

was observed after first weeks of fermentation. This result highly related to the increasing 

of total acidity. Total phenolic content and DPPH radical scavenging activity of FP5:5 

were higher than those of FP3:7 (P<0.05). In addition, FP 5:5 with 14 % salt exhibited the 

highest DPPH radical scavenging activity, indicating product with the highest 

antioxidative activity. However, reducing power of all samples was decreased with 

increasing fermentation period. TBA of all samples were lower than 1 mg 

malonaldehyde/kg sample throughout 8 weeks of Kem-but-nut fermentation. The increase 

in the intermediate compounds of browning reaction was observed during fermentation as 

evidenced by the increase in A294. FP 3:7 samples showed the higher L*, a* and b* than 

FP 5:5 did, indicating higher brightness of Kem-Buk-Nut products.  

Keywords: fermented fish product, Kem-Buk-Nut, antioxidant activity  

 

Introduction 

 

Kem-Buk-Nut is an indigenous product of North Eastern part of Thailand. Kem-

but-nut is a well known fermented fish product of One Tambon One Product (OTOP) of 

Ubon Ratchathani province. Slightly differing in sensory attribute from other fish 

fermented products such as Nham-Pla, Pla-Ra, Pla-Jom, Kem-Buk-Nut has been 

described as saltly. Quality of Kem-Buk-Nut was varied depending on manufactures. To 

make traditional Kem-Buk-Nut, fish fillet is cleaned, mixed with salt and kept overnight. 

Then the mixture was mixed with pineapple before packing in 325 mL crown cap glass 

bottle and then left to ferment spontaneously in a dark room for up to 2-3 months. The 

traditional fermentation is accomplished with no inoculation of microorganisms. OTOP 
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manufacturers produce Kem-Buk-Nut with different salt concentration, fish to pineapple 

ratio and fermentation period, resulting in products with variable quality.  

Salt and fish to pineapple ratio play important roles in Kem-but-nuk production 

besides their obvious function as majority components. Salt is the most crucial ingredient 

in fermented products because it functions as a flavoring and preservative agent. Ten to 

fifteen percent of salt is, normally, used in Kem-Buk-Nut production (Singthong et al., 

2005). With these salt levels, some microorganisms are inhibited and the growth of lactic 

acid producing bacteria is allowed. Pineapple, containing high content of total sugar, 

functions as a carbon substrate for fermentation. Various levels of carbon sources would 

affect fermentation of Kem-Buk-Nut.  

During Kem-Buk-Nut fermentation, fish protein is hydrolyzed and then the 

formation of several low molecular weight compounds, such as oligopeptides and amino 

acids, are created by microorganism or enzyme activities. Those low molecular weight 

compounds offered antioxidant properties (Wu et al., 2003).  It is possible that the initial 

protein concentration and degree of hydrolyzed protein during fermentation may contain 

some information regarding antioxidant activity of Kem-Buk-Nut. However, only a few 

studies have dealt with the antioxidant activity of Kem-Buk-Nut during fermentation. In 

order to develop controlled fermentation and improve the quality of Kem-Buk-Nut, 

especially antioxidant properties, optimum salt concentration and fish to pineapple ratio 

would be important factors. Therefore, the changes of physicochemical and antioxidant 

properties during fermentation period depending on a fish to pineapple ratio and salt were 

investigated. 

 

Materials and Methods 

 

Sample preparation 

Striped catfish (Pangasius hypophthalmus) with the size of 1-2 kg were purchased 

from a local market in Ubon Ratchathani and transported to Ubon Ratchathani Univ. 

laboratory in polystyrene foam boxes filled with ice within 30 min. Upon arrival, fish 

were eviscerated and fillet with skin. Skinned fillet was mixed with 10, 12 and 14 % salt 

and cured at 4 
0
C for 24 hr. Unripe (green and hard) pineapple was peeled and cut into 

small pieces. After that salted fillets were mixed with pineapple at ratio of 50:50 (FP 5:5) 

and 30:70 (FP 3:7) and filled in 325 mL crown cap glass bottle and then kept in a dark 

room for 8 weeks. 

 Sample was randomized sampling for measuring physiochemical and antioxidant 

properties every week. Kem-Buk-Nut was blended using blender set at speed 5 for 3 min. 

The sample were centrifuged at 5000 x g for 15 min at 4 
0
C. Then the supernatant was 

fillered though a filter paper (Whatman No. 1). The filtrate was collected for further 

analysis. 

Total acidity and pH value 

Tritratable acidity was determined by the method of AOAC (2000). The total 

acidity was calculated as lactic acid and expressed as % total acidity. pH was measured 

using a pH meter (Mettler Toledo, 8630, Switzerland). 

Total phenol content 

Total phenol content was determined according to Aoshima and Ooshim (2009). 

The absorbance of the sample solution was measured at 700 nm using a UV-
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spectrophotometer (Libra S12, England). Results are expressed as gallic acid equivalents 

(GE) mg/g sample.  

 

DPPH radical scavenging activity 

DPPH radical scavenging activity was measured as described by Wu et al. (2003). 

An aliquot of 1.5 ml sample was mixed with 1.5 ml of 0.1 mM DPPH in 95 % ethanol. 

The mixture was shaken and left for 30 min at room temperature. The absorbance was 

measured at 517 nm using a UV-spectrophotometer. The control was conducted in the 

same manner, except that distilled water was used instead of sample. 

The DPPH radical scavenging activity was calculated as follows: 

 

Radical-scavenging activity % =   [(A-B)/A] x 100 

 

A= Absorbance of control 

B = Absorbance of sample   

 

Reducing power assay 

 The reducing power was determined according to the method of Wu et al. (2003). 

An aliquot of 1 ml sample was mixed with 1 ml of 0.2 M phosphate buffer and 1 ml of 

potassium ferricyanide. Sample was incubated at 50 
0
C for 20 min, followed by addition 

of 1 ml of 10 % trichloroacetic acid. The sample was then mixed with 1 ml of distilled 

water and 0.2 ml of 0.1 % ferric chloride. The absorbance was measured at 700 nm. 
 

Thiobarbituric acid (TBA) number  

 TBA number was conducted using the method of Lemon (1975). Malonaldehyde 

(MDA) in the sample was measured and reported as value of thibarbituric acid  in unit of 

mg malonaldehyde/kg sample. 
  

Determination of the UV absorbance @ 294 nm 

The appropriate dilutions of sample were made using distilled water and then 

measured the absorbance at 294 nm. 

 

Color measurements 

Color values (L*, a* and b*) of all samples were measured using a colorimeter 

(Minolta, Tokyo, Japan).  
 

Statistical analysis 

Degree of variation and significance of difference were analyzed using an analysis 

of variance (ANOVA) that was made with General Linear Models (SPSS for window, 

version 10.01 SPSS Inc, Chicago, IL, USA). Duncan‘s multiple-range test (DMRT) was 

applied to determine differences (P0.05) between treatment means. 

 

Results and Discussion 

 

1. Total acidity and pH value of Kem-Buk-Nut during fermentation 

The initial pH values of FP5:5 and FP3:7 regardless of salt concentration were 

4.6-4.7 and 4.2-4.4, respectively. The pH decreased rapidly during the first week (Figure 

1) and then were nearly constant over the fermentation period. The results highly related 

to the increasing of total acidity (Figure 1). Although the final pH value of all samples 

were not significantly different throughout the fermentation time (P>0.05), the final total 
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acidity of all FP 5:5 samples were higher than those of FP 3:7 samples (P<0.05). The 

final pH and total acidity observed in four commercial brands of Kem-Buk-Nut was 

different (Singthong et al. 2005), according to fish to pineapple ratio and salt 

concentration in the recipes of manufactures. It seemed that only the fish to pineapple 

ratio, not salt percentage, influenced the total acidity production during fermentation. Due 

to higher buffering capacity, the high ratio protein samples (FP 5:5) had higher pH, thus 

facilitated the activity enzyme, especially cathepsins, whose optimum pH was 4.5-5.0 

(Visessanguan et al, 2004). Muscle protein was first hydrolyzed by endogenous cathepsin 

activity and followed by microbial peptidase activity (Molly et at., 1997; Beriain et al., 

2000). These results suggested that the ratio of fish to pineapple affected the initial pH of 

Kem-Buk-Nut which consequently influenced enzyme activity during fermentation.  

 

 
Figure 1 Total acidity and pH value of Kem-Buk-Nut prepared from various salt 

concentrations (10, 12 and 14 %) and fish to pineapple ratios (FP 5:5 and 3:7) 

during fermentation.  

 

2. Antioxidant properties of Kem-Buk-Nut during fermentation 

Total phenol content of Kem-Buk-Nut prepared from various salt concentrations 

and fish to pineapple ratios are shown in Figure 2. Significant difference of total phenol 

contents caused by various salt concentrations were not observed (P>0.05). However, 

total phenol content of Kem-Buk-Nut prepared from FP 5:5 samples were higher than FP 

3:7 throughout fermentation time. Regarding to the total phenol measurement, the 

samples were oxidized with Folin-Ciocalteu reagent and then reaction was neutralized 

with sodium carbonate (Faller and Fialho, 2010). As a result, the higher content of total 

phenol in FP 5:5 samples were possible from the reaction between Folin reagent and 

amino acid, i.e. tryptophan and tyrosin from fish protein, like polyphenol did. It was 

notice that a dramatic increase in total phenol content was observed after 1 week of 

fermentation. This might be because a greater extent of oligopeptides produced by 

enzymatic degradation of protein during fermentation.   
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Figure 2 Total phenol content of Kem-Buk-Nut prepared from various salt concentrations 

(10, 12 and 14 %) and fish to pineapple ratios (FP 5:5 and 3:7) during 

fermentation.  

 

DPPH radical scavenging activity and ferrous reducing power of Kem-Buk-Nut 

during fermentation are shown in Figure 3. DPPH is a stable free radical with maximum 

absorbance at 517 nm in ethanol. The radical is scavenged when DPPH encounters a 

proton-donating substance, resulting in a decrease in absorbance (Shimad et al., 1992; 

Yang et al, 2008). The radical scavenging activity of FP 5:5 at all salt concentrations 

significantly increased with increasing fermentation time. These results highly related to 

the results of total phenol content (Figure 2). The DPPH radical scavenging activity 

tended to be high in FP 5:5 and 3:7 with 14 % salt samples rather than in those with other 

concentrations of salt. While the higher proteolytic activity induced total acidity (Figure 

1), the antioxidative peptides would be occurred at the same time. The different 

fermentation condition of Kem-Buk-Nut contributed to the specific oliopeptide or amino 

acid composition. These results suggested that Kem-Buk-Nut prepared from FP 5:5 and 

14% salt possibly had more antioxidative peptides, which could react with free radicals to 

terminate the radical chain reaction. 

The reducing power presents the antioxidants in sample, which reduce the Fe
3+ 

/fericyanind complex to the ferrous form (You et al., 2009). Most difference between the 

ferrous reducing power and DPPH radical scavenging power were observed (Figure 3). 

The ferrous reducing power of Kem-Buk-Nut was decreased throughout fermentation 

period, indicating that the reducing power was not found in Kem-Buk-Nut during 

fermentation. 

TBA of Kem-Buk-Nut samples were varied throughout fermentation period 

(Figure 4). However, they were lower than 1 mg MAD/kg sample, and were lower than 

those found in other fermented fish products (Gelman et al., 2000; Riebroy et al., 2004). 

The lower TBA content was associated with total phenol content and DPPH radical 
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scavenging activity (Figure 2 and 3). This result indicated that Kem-Buk-Nut possibly 

exhibited antioxidant activity contributed by antioxidative peptides. 

 

 
Figure 3 DPPH radical scavenging activity and reducing power of Kem-Buk-Nut 

prepared from various salt concentrations (10, 12 and 14 %) and fish to 

pineapple ratios (FP 5:5 and 3:7) during fermentation.  

 

 
Figure 4 TBA number of Kem-Buk-Nut prepared from various salt concentrations (10, 

12 and 14 %) and fish to pineapple ratios (FP 5:5 and 3:7) during fermentation.  
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3. Color changes of Kem-Buk-Nut during fermentaion 

Absorbance at 294 was used to determine the intermediate compounds of the 

Maillard reaction. (Ajandouz et al., 2001; Lerici et al., 1990). An increasing in 

absorbance at 294 nm was observed when fermentation time increased (P<0.05), 

indicating that the precursor of the Maillard reaction was formed. Absorbance values of 

FP 5:5 samples were higher than that of FP 3:7 samples (Figure 4). Brown color 

development was attributed by the nitrogenous compounds such as a small peptides and 

amino acids and reducing sugar which act as reactants to initiate the Maillard reaction 

(Lopetcharat and Park, 2002). Benjakul et al. (2005) revealed that the browning 

measurement can be used for measuring rate of formation of total nitrogen in fish sauce 

during fermentation. This could be implied that total nitrogen of FP 5:5 samples was 

higher than that of FP 3:7 due to protein degradation.  

Color of Kem-Buk-Nut was expressed as L*, a* and b* (Figure 5). When the 

period of fermentation increased, a parallel decreased in L*, a* and b* of all samples 

were observed (P<0.05). The dark color of fish protein hydrolysis was occurred due to the 

oxidation of myoglobin and melanin (Benjakul and Morrissey, 1997). In addition, an 

intermediate of non-enzymatic Maillard browning reaction was presented (Figure 5), 

implying that formation of brown pigment was occurred.  These results were similar to an 

increasing in brown color of fish sauce during fermentation (Lopetcharat and Park, 2002). 

It was noticed that the higher L* and b* was found in FP 3:7 samples when compared to 

FP 5:5, indicating the brightness of Kem-Buk-Nut product. This result was highly 

correlated to the result of browning development which was mentioned above (Figure 4). 

To improve the color of Kem-Buk-Nut, lower fish protein ratio would be suggested.  

 

 
 

Figure 5  Development of browning in Kem-Buk-Nut prepared from various salt 

concentrations (10, 12 and 14 %) and fish to pineapple ratios (FP 5:5 and 3:7) as 

indicated by absorbance at 294 nm during fermentation.  
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Figure 6 L*, a* and b* of Kem-Buk-Nut prepared from various salt concentrations (10,  

   12 and 14 %) and fish to pineapple ratios (FP 5:5 and 3:7) during fermentation.  
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Conclusions 

 

 Salt and fish to pineapple ratio influenced the antioxidant properties of Kem-Buk-

Nut during fermentation. Kem-Buk-Nut prepared from fish to pineapple ratio of 5:5 

exhibited the higher total phenol content, DPPH radical scavenging activity due to protein 

degradation whose product could be functioned as antioxidative peptides. To improve 

antioxidant properties, especially radical scavenging, fish to pineapple ratio of 5:5 and 

14% salt were suggested for Kem-Buk-Nut production. However, the brighter color of 

Kem-Buk-Nut was observed when fish to pineapple ratio of 3:7 was used. Browning of 

Kem-Buk-Nut was likely due to non-enzymatic browning reaction. These data would be 

useful for designing Kem-Buk-Nut production with high antioxidant properties. 
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ABSTRACT 

 

Cassava flour (35-40%) and potato flour (5-10%) were mixed into rice flour to 

obtain the composite flour. In order to improve the quality of flour, either guar gum 

(0.25%) or glycerol monostearate (GMS, 0.25%), or both were added into the composite 

flour. Samples were then analyzed for amylose content by iodine colorimetry, 

morphological properties by Scanning Electron Microscopy (SEM) and X-ray 

diffractometry (XRD), viscosity by Rapid Visco Analyzer (RVA), and thermal property 

by Differential Scanning Calorimetry (DSC). Further, noodles were prepared from the 

composite flour and were then examined for texture quality using Texture Profile analysis 

(TPA) and tensile testing. Results showed that the addition of cassava or potato flour 

slightly increased amylose content of the composite flour. SEM micrograph showed that 

the starch granules of rice (polyhedral shape), cassava (round and irregular shape) and 

potato (oval shape) had been well mixed throughout the bulk of sample. XRD results 

showed the combination of type A and type B starch in the composite flour. Adding 

cassava and potato flour significantly affected RVA paste viscosity. DSC thermogram 

showed that the composite flour had two peaks gelatinization endotherm with the smaller 

enthalpy than the original rice flour.  Tensile testing and Texture Profile Analysis (TPA) 

showed that rice flour alone produced noodle with low tensile strength, hardness, 

adhesiveness, gumminess, and chewiness.  The addition of cassava and potato flour 

increased those of the derived noodle. Guar gum and GMS had the similar effect in 

increasing paste viscosity of the composite flour, but decreasing in tensile strength, 

hardness, gumminess, and chewiness of the corresponding noodle. Results indicated that 

the noodle of various texture property could be prepared from the composite flour of rice, 

cassava and potato with addition of guar gum and glycerol monostearate. There is 

possibility of utilizing the formulated composite flour in manufacturing of rice noodle. 

Keywords: composite flour, physico-chemical property, rice noodle, texture property 

 

Introduction 

 

Rice noodles are one of the most popular varieties of Asian noodles widely 

consumed in South East Asia (Hormdok & Noomhorm, 2007). Rice noodles have a white 

color, a clear bite and a smooth mouth-feel. Generally, rice noodles are made from high 

amylose rice with 25% amylose or higher (Juliano & Sakurai, 1985). Unlike wheat which 

is used to make wheat noodle, rice contains no gluten. The quality of rice noodles 

depends solely on the physicochemical properties of starch, which functions as the 

structural network of the noodle product.  

As starch plays an important role in noodle quality, replacement of starch from 

other sources might have potential to improve the quality of corresponding noodle. Potato 

starch has unique characteristics such as a high phosphorus content and viscosity as well 

as large granule size and has been used in production of several types of noodles (Noda et 
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al., 2006). Noodle made from potato maintain a clear and shiny appearance after cooking; 

have a smooth and slippery texture and high absorption of soups and sauces (Kim et al., 

1996). Cassava or tapioca starch is a good candidate to manufacture noodle because of its 

low costs and the clarity of its starch paste (Kasemsuwan et al., 1998). In manufacturing 

of noodle, attempts had been made to formulate composite flour by adding such types of 

starch or flour into the rice flour base. However, the effects of these starches on properties 

of the composite flour and the corresponding noodle are not fully understood. 

In order to improving quality of noodles, adding additives such as hydrocolloids 

and emulsifiers had been widely used.  Hydrocolloids or gums are used in starch-based 

products to improve stability, modify texture, facilitate processing, and reduce cost 

(Chaisawang & Suphantharika, 2005). It is well established that addition of gums such as 

guar gum, gellan gum, xanthan gum, CMC, and sodium alginate into starch suspension 

causes a synergistic increase in viscosity (Shi & BeMiller, 2002). Emulsifiers resulted in 

a starchy product of more uniform appearance, homogenous structure, and reduced 

surface stickiness (Singh et al., 2000). The effect of emulsifiers has been attributed to 

their ability to form inclusion complexes with starch, particularly with amylose 

(Galloway, Biliarderis & Stanley, 1989).  

Objective of this study is to investigate effect of rice, cassava, potato, guar gum, 

and glycerol monostearate on properties of composite flour and the derived noodle. 

 

Materials and Methods 

 

1. Materials 

 Rice grains were obtained from Thanapon Noodle Company, Chiang Rai, 

Thailand. In preparation of rice slurry, rice grains were washed, soaked in water overnight 

and then ground using a stone mill. Rice suspension with 65% solid content (w/w) was 

obtained.  

Potato and cassava flour were purchased from the local market. Guar gum was 

purchased from Thai Food and Chemical Co. Ltd. Bangkok, Thailand. Analytical grade 

Glycerol monostearate (GMS) was purchased from Union Science Co. Ltd. Chiang Mai, 

Thailand. 

 

2. Preparation of composite flour 

Potato flour and cassava flour of were added into rice suspension at 5-10% and 

35-4% w/w (based on rice flour dry solid weight). This proportion of flour was based on 

the formulation of rice noodle currently produced. Either guar gum (0.25%) or glycerol 

monostearate (GMS, 0.25%), or both were mixed well with rice suspension and allowed 

to equilibrate for 1 hr. The mixture was then filtered, and dried at 40 °C until the final 

moisture was about 10-12% w/w. Samples were then ground and screened through a 100-

mesh sieve, packed in airtight plastic bags, and stored at 4 °C until further analysis.     

 

3. Preparation of rice noodle 

Rice slurry and its mixture with potato flour, cassava flour, guar gum, and GMS 

were adjusted with water to obtain the solid content of 40 % w/w. The mixtures were 

equilibrated for 1 hr and than poured into stainless plate and spread to form a sheet having 

an approximate thickness of 1.0 mm. The samples were steamed for 5 min to complete 

gelatinization and cooled to room temperature. The noodle sheets were scrapped and cut 

into the required size for further analysis. 
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4. Apparent amylose  

 Amylose content of flour sample was determined by a colorimetric method 

(Juliano et al., 1981) 

 

5. Scanning electron microscopy (SEM) 

 Flour samples were mounted on aluminium nails and coated with gold. For the 

observation of morphology of sample, the scanning electron microscopy (SEM, LeO 

1450 VP, England) was used. The images were captured at magnification 1000x and at an 

accelerating voltage of 15 kV. 

 

6. X-ray diffraction  

 X-ray diffraction measurement was examined using X-ray diffractometer (XRD, 

Philips, PW 2404, Netherland). Samples were scanned over the range of different angle 

(2Ө) of 4-70
o
 at a speed of 0.02

 o 
per second.  

 

7. Pasting properties 

The pasting properties of flour were determined using a Rapid Visco Analyser 

(RVA, Model 4D, Newport Scientific, Australia). Flour (3.0 g, 14% moisture content) 

was weighted directly in the RVA canister and distilled water was added to obtain a 

sample weight of 28.0 g. The sample was held at 50 °C for 1 min, heated to 95 °C in 7.5 

min, and then held at 95 °C for 5 min. Afterwards, it was cooled to 50 °C in 7.5 min, and 

then held at 50 °C for 2 min. The rotating speed was maintained at 160 rpm along the 

process. Parameters including peak viscosity (PV), viscosity at the end of hold time at 95 

1C or hot-paste viscosity (HPV), final viscosity (FV) at the end of cooling, breakdown 

(BD= PV-HPV), setback (SB= FV-HPV) and pasting temperature were recorded. All 

tests were replicated three times. 

 

8. Thermal properties 

Gelatinization characteristics of flour samples were determined using Differential 

Scanning Calorimetry (DSC, Mettler Toledo, TGA/SDTA 851e, Switzerland). Samples 

(2.5 mg, db) were weighted directly in aluminum pan, and distilled water was added to 

obtain a starch–water ratio of 1:3 (w/w). The pan was hermetically sealed and allowed to 

equilibrate for 1 h before analysis. The sample pans were then heated from 30–130 °C at 

the rate of 10 °C/min. An empty pan was used as a reference. The onset of gelatinization 

(To), the temperature at peak (Tp), the temperature at the end of gelatinization (Tc) and 

gelatinization enthalpy (Hgel; J/g) were determined. DSC measurements were replicated 

three times. 

 

9. Texture properties 

Texture properties of noodle were measured using texture analyzer (TA-XT2, 

Texture technologies Corp, USA). For texture profile analysis (TPA), a piece of noodle 

was compressed by a cylinder probe (35.0 mm diameter) until the deformation reached 

75% at a speed of 1.0 mm/s. The pause between the first and second compressions was 

0.5 s. From the force–time curve of the texture profile, textural parameters including 

hardness, adhesiveness, springiness, cohesiveness and chewiness were obtained. For 

testing tensile strength, a strand of cooked noodle of 6 cm wide and 10 cm long was 

pulled at a speed of 3.0 mm/s. The maximum force (g) required to break the noodle strand 
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gave an indication of the sample resistance to the breakdown. Each measurement was 

repeated 10 times for each sample. 

10. Statistical analysis 

Analysis of variance (ANOVA) was performed using SPSS v.10 software to 

compare treatment means; differences were considered at significant level of 95% 

(p<0.05).  

 

Results and Discussion 

 

1. Amylose content  

From low to high value, the order of amylose content was first, rice flour 

(28.99%), followed by potato flour (30.9%) and lastly cassava flour (32.98%). The 

composite flour containing potato and cassava flour showed the slight increase in amylose 

content. Adding of guar gum or GMS had no effect on amylose content of the composite 

flour (p>0.05).  

 

Table 1 Amylose content of rice, cassava, potato and their composite flour 

Flour and the composite flour Code Amylose 

(%) 

Rice  R 28.99a± 0.07 

Cassava C 32.98c± 0.07 

Potato P 30.90b± 0.11 

90%Rice + 10% potato  RP 29.15a± 0.12 

60%Rice + 40% cassava RC 31.54c± 0.19 

60%Rice + 5% potato + 35% cassava RCP 29.37a± 0.04 

60%Rice + 5% potato + 35% cassava + GMS (0.25% of 

flour) 

RCPgms 29.03a± 0.08 

60%Rice + 5% potato + 35% cassava + Guar gum (0.25% 

of flour) 

RCPgg 29.09a± 0.01 

60%Rice + 5% potato + 35% cassava + GMS (0.25% of 

flour)+ Guar gum (0.25% of flour) 

RCPgms+gg 29.22a± 0.17 

Values shown are means of three replications, and the values with different letters within the same column are significantly different at 
p=0.05 by LSD test. 

 

Amylose is the most important factors determining the starch gel formation 

because of its prompt association and retrogradation, and its interaction with lipids to 

form complex and with amylopectin to give strong gel network (Jane and Chen, 1992). It 

was well recognized that rice material for manufacturing noodles should contain at least 

25% amylose (Juliano & Sakurai, 1985). Results showed that rice flour and all of the 

composite flour could be used for making noodle.  

 

2. Morphology of starch granule  

Scanning electron micrograph of rice flour and the composite flour are shown in 

Figure 1.  Starch granules of rice (A) were compound, and they were polyhedral and 
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pentahedral in shape with a mean granule size from 4-6 µm. Starch granules of potato 

were oval shaped with the diameter ranged from 15-120 µm. Cassava starch had round 

shape in which some granules appeared irregular in shape.  The diameter of cassava 

granule was 5-35 µm which was smaller than that of potato. 

 

    
 

     
 

 
 

Figure 2 Scanning electron micrograph: (A) rice flour, (B) rice and potato flour, (C) rice 

and cassava flour, (D) rice, potato and cassava flour, (E) rice, potato and cassava 

flour with GMS and guar gum 
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The composite flour of rice and potato (B) showed the fewer number of the oval 

granule of potato compared to the polyhedral granule of rice. This reflected the low 

proportion of potato flour (10%) in comparing to that of rice flour (90%). The mixture of 

rice and cassava (C), on the contrary, showed the comparable number of cassava starch 

granule (40%) to the rice starch granule (60%). The three types of granule, rice, potato, 

and cassava were well mixed throughout the bulk of composite flour (E). By adding of 

GMS and guar gum into flour, the aggregation among granule was observed. Chaisawang 

& Suphanthraka (2005) described that guar gum promoted starch granule association 

probably by bridging.  

 

3. X-ray diffraction  

 X-ray diffraction reflected starch cryatallite and giving the different crystalline 

pattern. Like other cereal starch, rice flour showed A pattern in which reflections was 

observed at 17, 17.9 and 23 
o
. In the composite flour, there were the combination between 

A and B pattern in which reflections was observed at 5.6, 17, 17.9 and 23 
o
. This was 

attributed to the addition of cassava and potato flour which had B pattern (data not 

showed).  

 

4. Pasting properties 

Paste viscosity of rice, cassava and potato flour and their blends are shown in 

Table 2.  

 

Table 2 Paste viscosity of composite flour 

Flour and  

composite 

flour 

Peak 

viscosity 

(RVU) 

Hot paste 

viscosity 

(RVU) 

Breakdown 

 

(RVU) 

Final 

viscosity 

(RVU) 

Setback 

 

(RVU) 

R 220.47a±1.63 168.22b±5.44 52.25b±4.22 305.81d±3.53 137.58e±8.96 

Cassava 305.88e±0.98 112.45a±0.44 193.43f±1.42 203.07a±2.40 90.68c±2.84 

Potato 449.10g±3.71 390.75a±6.17 58.34b±9.87 692.77g±6.49 302.02f±0.50 

RP 225.47g±2.21 181.81c±1.91 43.67a±0.52 314.03e±2.95 132.22e±2.88 

RC 280.72d±6.74 185.78c±3.34 94.94d±6.02 269.17b±6.30 83.39a±3.72 

RCP 275.53c±0.55 184.22c±1.38 91.31d±1.18 264.36b±2.07 80.14a±1.64 

RCPgms 273.61c±4.09 229.47f±5.10 43.89a±0.77 331.81f±6.69 102.33d±1.98 

RCPgg 311.50f±3.93 213.67e±4.25 97.83c±1.09 301.00d±4.90 87.33b±1.58 

RCPgms+gg 265.72b±2.56 197.92d±1.29 67.81c±1.43 287.94e±2.36 90.03c±1.12 
Values shown are means of three replications, and the values with different letters within the same column are significantly different at 
p=0.05 by LSD test. 

 

Among three types of flour, rice flour had the lowest viscosity during heating 

(peak viscosity; PV). During the holding period, rice flour underwent slightly viscosity 

reduction, consequently the low breakdown (BD). On cooling, rice paste raised in 

viscosity giving the moderate high final viscosity (FV) and setback (SB). Cassava flour 

gave a high viscous paste which decreased gradually on heating and shearing. The 

viscosity of cassava paste dropped from 306 to 112 RVU, resulting in the high breakdown 
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(193 RVU). Final viscosity and setback of cassava flour was low.   For potato flour, PV 

and hot paste viscosity (HPV) were the highest among the three flour. It was well 

established that the high phosphorus content of potato flour is associated with high 

swelling and consequently, the high paste viscosity (Kim et al., 1995; Noda et al., 2006a, 

2006b). The swollen potato starch granule withstood the shear forces and high 

temperatures. On cooling, potato paste increased in viscosity to the highest value, 

resulting in a significant setback. 

Adding either cassava or potato, or both into rice flour significantly affected 

pasting behavior measured by RVA. The opposite effect was obtained from adding 

cassava and potato. Cassava tended to increased breakdown, but decreased FV and 

setback.  On the contrary, potato flour reduced breakdown, but increase FV and setback.  

However, PV and FV of the composite flour were apparently high, in comparing to the 

pure rice flour. In potato containing flour (5-10%), the increment of PV and FV was less 

apparent than the cassava containing flour (35-40%). The effect was dependable on the 

ratio of flour added. In composite flour containing both cassava and potato flour, the 

combined effect between the cassava and potato, resulted in the higher PV and 

breakdown, but the lower FV and setback than those of rice flour. 

Adding guar gum increased the overall paste viscosity of the composite flour. It is 

well established that addition of gums into starch suspension causes a synergistic increase 

in viscosity (Shi & BeMiller, 2002).  GMS had no effect on PV but had significant effects 

in increasing HPV and FV. Pasting profiles of flour are used in the evaluation of 

suitability for making noodle (Hormdok & Noomhorm, 2007). Ideal starch or flour for 

preparing noodle is the one with restricted swelling and a viscosity that remains constant 

or even increase during continue heating and shearing, indicative of good hot paste 

stability (Collado et al., 2001). Results indicated that the composite flour containing GMS 

or guar gum had the typical pasting profile required for preparing noodle. 

 

5. Thermal properties   

Rice flour showed gelatinization temperature at onset, peak and conclusion of 

73.15, 76.95, and 81.35, respectively (Fig 1). The enthalpy was 49.38 J/g. Adding 10% 

potato did not alter the gelatinization endotherm of rice flour. On the contrary, adding 

35% cassava flour significantly altered the gelatinization endotherm of rice flour in that 

two peaks of gelatinization endotherm were observed. The first peak corresponded to the 

melting of cassava starch granule, which appeared at low temperature at onset, peak and 

conclusion of 65.04, 68.99, and 73.73, respectively. The gelatinization enthalpy was 

15.22 J/g. The second peak corresponded to that of rice flour (73-81 
o
C) but in a smaller 

peak with the lower enthalpy of 7.67 mJ/ mg. Adding of GMS or guar gum did not affect 

the gelatinization temperature and enthalpy of the composite flour.  
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Figure 1 Differential Scanning Calorimetry (DSC) profile of the composite flour 

 

6. Texture properties of noodle 

Texture properties of noodle made from rice flour and the compostire flour are 

presented in Table 3. Adding potato and cassava flour into rice suspension significantly 

affected texture quality of rice noodle. Noodle of rice flour alone showed the lowest 

hardness, gumminess, chewiness, and tensile strength. Adding potato or cassava into rice 

flour increased those of the obtained noodle. The cassava flour with the high ratio in the 

composite flour gave the greater effect than the potato flour with the low ratio.  

 

Table 3 Texture quality of noodles 

Flour and  

composite 

flour 

Hardness 

(N) 

Adhesivenes

s 

(N) 

Gumminess 

(N) 

Chewiness 

(N) 

Tensile 

strength  

(N) 

R 118.58a±27.91 3.16a±1.54 110.14a±26.66 92.71a±26.35 142.79b±33.61 

RP 158.00b±26.22 3.82a±0.65 154.18b±27.58 130.91bc±32.84 230.27c±25.78 

RC 189.48bc±19.06 5.37b±1.53 175.38bc±18.39 155.64c±26.11 298.32d±27.60 

RCP 189.64bc±18.79 8.09d±3.93 178.42bc±18.19 163.97d±23.26 242.01c±29.38 

RCPgms 150.00b±12.26 4.96ab±4.71 155.30b±15.94 138.11bc±27.93 214.50c±55.87 

RCPgg 144.51b±13.25 5.10b±2.43 130.33ab±9.80 116.29ab±10.78 120.50a±14.47 

RCPgms+gg 152.99b±21.16 6.81c±3.13 131.99ab±13.12 112.84b±24.72 121.04a±23.96 
Values shown are means of three replications, and the values with different letters within the same column are significantly different at 
p=0.05 by LSD test. 

 

The addition of GMS or guar gum gave the opposite effect to cassava and potato 

flour in modifying texture of noodle. Hardness, gumminess, chewiness, and tensile 

strength of noodle were found apparently decreased. Guar gum showed the greater effect 

than GMS. Adding guar gum might improve the water-holding capacity for the noodle 
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and consequently, soften the noodle texture. Previous study by Kaur et al (2005) showed 

that adding GMS into corn and potato starch also decreased hardness, gumminess and 

chewiness of noodle to a significant extent. GMS might decrease granule interaction and 

association within starch noodle, resulting in the softer texture.   

When used GMS and guar gum together in the composite flour, there was no 

synergistic effect in modifying texture of the derived noodle.   

 

Conclusions 

 

Adding cassava and potato into rice flour was found affecting the 

physicochemical properties of composite flour and consequently, the noodle quality. Guar 

gum and GMS could be used in modifying texture of noodle made from the composite 

flour. There is possibility of utilizing the formulated composite flour in manufacturing of 

rice noodle. 
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ABSTACT 

 

 Rice from different cultivation systems, organic and inorganic rice, were growth 

and harvested from Phatthalung province, the Southern Thailand. The difference in their 

physicochemical properties was determined. Inorganic rice (1.4437g/100grain) showed 

significantly higher (P<0.05) in rice grain weight when compared with organic rice 

(1.4226g/100grain). Different cultivation system has profound effects on physicochemical 

properties of rice. Inorganic rice showed significantly higher (P<0.05) in protein, lipid 

and amylose content than organic rice. Protein, lipid, amylose and anthocyanin content of 

organic rice were 5.64% (db), 2.48% (db), 15.32% (db) and 14.66 mg cyanidin-3-

glucoside/100g (db), respectively. Protein, lipid, amylose and anthocyanin content of 

inorganic rice were 7.02% (db), 2.59% (db), 16.27% (db) and 15.60mg cyanidin-3-

glucoside/100g (db), respectively. Both of organic and inorganic rice showed type-A of 

X-ray diffraction pattern. In addition, the same crystallinity of organic and inorganic rice 

was observed. The swelling power of organic and inorganic rice was 13.14 and 13.02g/g 

(db), respectively. Peak viscosity of inorganic rice (118.62RVU) is significantly higher 

(P<0.05) than organic rice (116.88RVU) when studied with RVA. The enthalpy of 

gelatinisation of organic and inorganic rice was 8.08 and 8.01J/g, respectively. 

Keywords: organic rice, Phatthalung Sungyod rice, physicochemical 

 
Introduction 

 

 Recently, organic agricultural practices have grown considerably as an alternative 

to conventional agriculture and related use of chemical pesticides. It was expected that the 

organic agriculture has benefits with respect to food safety (Champagne et al., 2007). 

Many consumers prefer organic food to inorganic foods because they are perceived 

healthier. In addition, organic practices are thought to reduce the risk of plant infection by 

pathogens. However, there is some evidence that the reduced use of fungicides may lead 

to a greater contamination by mycotoxins in organic food (Finamore et al., 2004). 

 Phatthalung Sungyod rice is a local rice variety and has long been known in 

Phatthalung province, Southern part of Thailand. It is mostly cultivated in Phatthalung 

province (Phatthalung Rice Research Centre, 2005). The cultivation systems of Sungyod 

rice in Phatthalung province can be seen in both organic and inorganic system. The 

organic rice cultivar is produced without the use of chemicals for controlling pests, 

moreover, no chemical fertilisers are used. These are inversely with inorganic rice 

cultivation system. The different in cultivation systems have the effects on 

physicochemical properties and sensory quality of rice as reported by Champagne et al. 

(2007). By using of different types of fertiliser and agricultural practices will be affected 

the amylose, protein and mineral contents in rice. Protein content in rice is markedly 

influenced by time and rate of nitrogen fertiliser applied and type of fertiliser used. 
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 The objective of this study was to determine the difference in physical, chemical 

and physicochemical properties between organic and inorganic Phatthalung Sungyod rice. 

  
Materials and Methods 

 
Materials 

 Two different rice cultivars, organic and inorganic rice, were growth and 

harvested in Phatthalung province, in the Southern Thailand, in the 2008/2009 growing 

season. After harvested, paddy rice was dehydrated by sun light approximately 7 days as 

the commercial method. Before analysis, rice grain was ground to give rice flour able to 

pass a 40-60mesh sieve (420-250m). 
 
Methods 

1. Physical properties 

 1.1. Grain size 

 Ten of rice grain were collected randomly and measured for the length and the 

breadth in each replicate. The L/B ratio was calculated as the length divide by the 

breadth. The measurement of rice grain size was performed in triplicate (Wadsworth et 

al., 1982). 

 1.2. Grain weight 

 In each replicate, one hundred of rice grain was counted randomly and weighed. 

The measurement of rice grain weight was performed in triplicate (Wadsworth et al., 

1982). 

 1.3. Colour 

 Rice grain was  placed in a clear petri dish and measured colour by colourimeter 

(Hunter Lab Reston, VA, USA) in CIE L*, a*, b* colour space. 

 

2. Chemical properties 

 Proximate analysis of organic and inorganic rice samples, such as, moisture, lipid, 

protein, ash contents and including free fatty acid (FFA) were determined according to 

A.O.A.C. method (A.O.A.C., 2000). Amylose content was determined by iodine 

colourimeter at 620nm using a potato starch standard mixture (Juliano et al., 1985). 

Thiobarbituric acid (TBA value) was determined as described by Woods and Aurand 

(1977). Anthocyanin content of brown rice was determined according to the method of 

Nollet (1996). Water activity (Aw) was determined using a water activity meter 

(Novasina, Thermostanter). 

 

3. Swelling power and water solubility 

 Rice flour (0.5g, db) was weighed directly into a centrifuge tube and added 15 ml 

distilled water. Swelling power and solubility of rice starch were determined at different 

temperatures (55, 65, 75, 85 and 95
o
C) by placed the centrifuge tube in water bath for 30 

min. The tube was then centrifuged at 2,200×g for 15 min at room temperature. The 

supernatant was removed and sediment was weight. The supernatant from swelling power 

determination was dried to get a constant weight in a hot air oven at 105
o
C. The swelling 

power and water solubility index of rice starch were calculated as described by Schoch 

(1964). 
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4. Pasting properties 

 The pasting properties of the rice flour were determined with a rapid visco-

analyser (Scientific Newport, RVA 4D, Australia) as described by Zhou et al. (2003). 

Rice flour sample (3.0g, db) was mixed with 25ml of distilled water in a RVA canister, 

then, the mixture was stirred at 960 rpm and changed to 160 rpm. The mixture was held at 

50
o
C for 1 min and then heated to 95

o
C at the rate of 12

o
C/min. The sample was 

subsequently held at 95
o
C for 2.5 min. This was followed by cooling down to 50

o
C at the 

rate of 12
o
C/min and kept at this temperature for 5min. A plot of the pasting viscosity in 

arbitrary RVA unit (RVU) versus time was used to determine the peak viscosity (PV), 

temperature at peak viscosity (Ptemp), trough final viscosity (FV) and setback viscosity 

(SBV). 

 
5. Thermal properties 

 The thermal characteristic of the rice flour was studied using a differential 

scanning calourimeter (DSC) model DSC7 (Perkin Elmer, U.S.A.). Two milligrams of 

rice starch (dry basis) was weighed into aluminum pan and 6.0mg of distilled water was 

added using micro-syringe. The aluminum pan was sealed and equilibrated at room 

temperature for 2hr, then, heated from 30 to 100
o
C at the heating rate 10

o
C/min to 

determine the gelatinisation enthalpy and temperature. Onset temperature (To), peak 

temperature (Tp), conclusion temperature (Tc) and enthalpy of gelatinisation (Hgel) was 

calculated automatically (Teo et al., 2000). 

 
6. X-ray diffraction by XRD 

 Rice starch sample was subjected to the X-ray diffractometer to determine the 

crystalline peaks. The operation conditions are CuKα radiation (Cu = 1.5406), voltage 40 

kV, and current 30 mA. The scanning angular (2) is ranges between 4.0-40.0 at a scan 

rate 0.5/min (Kim et al., 2001). 

 
7. Statistical analysis 

 Data was subjected to analyse of variance (t-test). Comparison of means was 

carried out by Duncan‘s multiple-range test. Analysis was performed using a SPSS 

package (SPSS 11.0 for windows, SPSS Inc, Chicago, IL). 

 
Results and Discussion 

 

1. Physical properties 

 The difference in physical properties of rice grain between organic and inorganic 

Phatthalung Sungyod rice, such as, rice grain size, weight and colour was observed. The 

results are shown in Table 1. Inorganic rice grain gave the higher in grain length and 

breadth than organic rice. The length and breadth of organic rice grain are 0.613 and 

0.167cm, respectively. The length and breadth of organic rice grain are 0.623 and 

0.173cm, respectively. There was a significant difference (P<0.05) in rice grain weight 

between organic and inorganic rice. A hundred grain weight of organic and inorganic rice 

after dehydrated was 1.4226 and 1.4437g, respectively. These was related with the study 

on the difference between conventional and organic paddy fields in irrigated rice 

ecosystem was reported by Lawanprasert et al. (2007). They have reported that rice yield 

of conventional method was the highest followed by the organic and the natural methods. 

The rice yield of the organic method was lower than that of conventional method, the 
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difference in rice yield between these two methods appeared to be relatively small 

(Lawanprasert et al., 2007). 

 Organic and inorganic Phatthalung Sungyod rice show a similarly grain colour. 

By using colourimeter, L*, a* and b* values of organic rice grain are 37.22, 12.32 and 

20.04, respectively. L*, a* and b* values of inorganic rice grain are 37.46, 12.16 and 

20.07, respectively. 

 

Table 1 Physical properties of organic and inorganic Phatthalung Sungyod rice 

Physical properties 
Rice variety 

Organic rice Inorganic rice 

Grain size   

     Length (cm) 0.613±0.006
a
 0.623±0.006

b
 

     Breadth (cm) 0.167±0.006
a
 0.173±0.006

b
 

     Length/Breath 3.683±0.116
a
 3.599±0.137

b
 

Grain weight (g/100 grain) 1.4226±0.0086
a
 1.4437±0.0053

b
 

L* 37.22±0.05
a
 37.46±0.08

b
 

a* 12.32±0.04
a
 12.16±0.11

a
 

b* 20.04±1.11
a
 20.07±0.18

a
 

Means with the same letter in the same row are not significantly different. 

Data are reported as means ± SD (standard deviation) for 3 determinations. 

 

2. Chemical properties 

Chemical compositions of organic and inorganic Phatthalung Sungyod rice grain 

are shown in Table 2.  
 

Table 2 Chemical properties of organic and inorganic Phatthalung Sungyod rice 

Chemical properties 
Rice variety 

Organic rice Inorganic rice 

Moisture (%) 11.27±0.03
a
 11.26±0.03

a
 

Aw 0.68±0.01
a
 0.69±0.01

a
 

Ash (%, db) 1.88±0.03
a
 1.86±0.02

a
 

Lipid (%, db) 2.48±0.08
a
 2.59±0.08

b
 

Protein(%, db) 5.64±0.08
a
 7.02±0.04

b
 

FFA (%, db) 3.69±0.05
a
 3.67±0.03

a
 

TBA (mg/kg, db) 0.33±0.03
a
 0.38±0.02

a
 

Amylose (%, db) 15.32±0.03
a
 16.27±0.04

b
 

Anthocyanin (mg cyanidin-

3-glucoside/100g, db) 
14.66±0.53

a
 15.60±0.07

b
 

Means with the same letter in the same row are not significantly different. 

Data are reported as means ± SD (standard deviation) for 3 determinations. 

 

The inorganic rice showed significantly higher in protein, lipid, amylose and 

anthocyanin content than the organic rice cultivar (P<0.05). Rice lipids, which are 

predominantly triacylglycerides, are usually divided into free and bound lipids. It is most 

concentrated in the aluerone layers. The endosperm contains only a fraction of the total 

lipid content (Juliano, 1985). From this study, inorganic rice showed a significant higher 

in lipid content than organic rice (P<0.05). Lipid content of organic and inorganic rice 

was 2.48 and 2.59% (db), respectively. Protein is an important source of nutrition. Rice 

protein has significant influence on the structural, functional and nutritional properties of 
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rice. It is a major factor in determining the texture, pasting and sensory characteristic of 

rice (Juliano, 1985; Teo et al., 2000). From this study, organic rice showed lower in 

protein content when compared with inorganic rice. The total protein content of organic 

and inorganic rice was 5.64 and 7.02% (db), respectively. The amylose content of organic 

and inorganic rice is approximately 15 and 16% (db), respectively. FFA and TBA values 

had significantly affected by rice cultivar (P<0.05). Inorganic rice showed considerably 

higher in FFA and TBA values than organic rice. From these results, FFA and TBA 

values were responded from lipid hydrolysis. The lipid hydrolysis is initiated by the 

action of lipases. The reactions occur principally in the outer layer of the rice kernel 

where lipids are concentrated. Dehulling rice disrupts these outer layers, lipids diffuse and 

makes contact with the lipases and hydrolysis of lipids to fatty acids begins. Microbial 

also produced lipases located on the kernel surface also come in contact with kernel lipids 

(Deka et al., 2000; Nishiba et al., 2000 and Dhaliwal et al., 1991). Inorganic rice showed 

significantly higher in anthocyanin content when compared with organic rice. 

Anthocyanin content of organic and inorganic rice was 14.66 and 15.60mg cyanidin-3-

glucoside/100g (db), respectively (P<0.05). 
 

3. Swelling power and water solubility 

Swelling and solubility are phenomenon when starch is heated in excess water, the 

crystalline structure is disrupted due to the breakage of hydrogen bond, and water 

molecule become linked by hydrogen bonding to the exposed hydroxyl group of amylose 

and amylopectin (Yeh and Li, 1996). Swelling power and solubility of rice flours were 

determined by heating rice flour slurry at 55, 65, 75, 85 and 95
o
C for 30min. The results 

are shown in Fig. 1. Swelling power of both organic and inorganic rice increased as 

increasing heating temperature. Nevertheless, organic rice showed significantly higher in 

swelling power as compared with inorganic rice flour (p<0.05). Champagne et al. (2004) 

reported that protein in rice flour plays a significant role in determining the functional 

properties of the starch and protein bring about an inhibitory effect on the swelling of rice 

starch granules. The solubility of organic and inorganic rice showed the same trend as 

swelling power. It was increased as increasing temperature. 
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Figure 1 Swelling power and solubility of organic and inorganic rice 
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4. Pasting properties 

 Pasting properties for both organic and inorganic rice cultivars are shown in Table 

3. There was a significant different effect (P<0.05) on RVA pasting properties both rice 

cultivar. Organic rice showed the lower in peak viscosity when compared with inorganic 

rice. Peak viscosity of organic and inorganic rice was 116.88 and 118.62RVU, 

respectively. Pasting, gelatinisation may be influenced by the presence, orientation and 

nature of surface lipids and proteins. Proteins are rich in basic amino acid and are 

intrinsically hydrophilic. For instant, changes at the granule could contribute to a decrease 

in hydrophilicity that would affect granule hydration and swelling (Sowbhagya and 

Bhattacharya, 2001). 

 

Table 3 Pasting properties of organic and inorganic Phatthalung Sungyod rice 

Pasting properties 
Rice variety 

Organic rice Inorganic rice 

PV (RVU) 116.88±0.93
a
 118.62±0.58

b
 

Ptemp(
o
C) 82.40±0.90

a
 82.92±0.36

a
 

FV (RVU) 243.61±1.38
a
 247.72±0.90

b
 

SBV (RVU) 123.65±3.16
a
 129.93±0.61

b
 

Means with the same letter in the same row are not significantly different. 

Data are reported as means ± SD (standard deviation) for 3 determinations. 

 

5. Thermal properties 

  

Thermal properties of organic and inorganic rice are shown in Table 4. They showed the 

difference in onset temperature (To), peak temperature (Tp), conclusion temperature (Tc) 

and enthalpy of gelatinisation (Hgel) as measured using DSC. Inorganic rice showed 

higher in transition temperature, such as, onset temperature, conclusion temperature and 

enthalpy of gelatinisation than organic rice. The enthalpy of gelatinisation of organic was 

higher than inorganic rice. Sodhi et al. (2003) suggested that the difference in thermal 

properties of rice flour might be attributed to the differences in composition in rice starch 

and rice flour as well as environmental conditions. The higher in gelatinisation enthalpy 

of rice after ageing may also be due to the differences in amylose, lipid and protein 

contents. The formation of  intermolecular covalent disulphide cross links made the 

proteins less soluble and less prone to bind with other flour constituents  such as starch. 

 

Table 4 Thermal properties of organic and inorganic Phatthalung Sungyod rice 

Thermal properties 
Rice variety 

Organic rice Inorganic rice 

T
o
(
o
C) 73.61 75.29 

T
p
(
o
C) 79.33 79.16 

T
c
(
o
C) 83.69 83.83 

H
gel

(J/g, db) 8.08 8.11 
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6. X-ray diffraction 

 X-ray diffraction pattern of starch from organic and inorganic rice cultivars are 

shown in Fig. 2. They showed the same pattern of diffractogram, type A pattern, which it 

is a typical of cereal starches. Their diffractogram showed the peaks at 15.2, 17.0, 17.9 

and 22.9Ǻ. Organic and inorganic rice showed a small difference in their crystallinity. 

The crystallinity of organic and inorganic rice starch was 38.74 and 39.93%, respectively. 
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Figure 2 X-ray diffractogram of organic and inorganic rice 

 
Conclusions 

 

 There are significantly differences in some properties of both rice cultivars, 

organic and inorganic cultivation systems. Inorganic rice gave greater in rice grain size, 

weight and in some chemical compositions, such as, protein, lipid, amylose and 

anthocyanin contents (P<0.05). For physicochemical properties, inorganic rice showed a 

slightly difference in swelling power and solubility with organic rice at all heating 

temperatures. The gelatinisation temperature and enthalpy of inorganic rice was higher 

than organic rice. Both organic and inorganic rice showed the same pattern of X-ray 

diffraction, type-A starch. 
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ABSTRACT 

 

Dadih is a traditional Malaysian milk product consisting of milk, sugar and salt 

which has been acidified with whey and steamed to form a gel. The whey is obtained by 

fermenting milk overnight with dried asam gelugur (Garcinia atroviridis). In this study, 

jackfruit flavored dadih was made by a modification of the traditional method. Jackfruit 

was added to improve the flavor and nutritional value of dadih. Citric acid (0.1M) was 

used to adjust the pH close to the isoelectric point of milk so as to destabilize the casein 

complex and facilitate gel formation upon steaming. This study investigated the effects of 

milk, sugar and initial pH on the chemical and organoleptic characteristics of jackfruit 

flavoured Malaysian dadih. Two levels each of whole milk powder (15 and 20%), sugar 

(4 and 6%) and initial pH (5.6 and 5.8) were used in a factorial experiment to assess their 

effects on pH, brix, moisture and total solid content of the product. Milk was heated to 

80-90°C for 10 min and then sugar and salt (0.1%) were added. Jackfruit puree, in a ratio 

of 50:80 (jackfruit pulp: water), was sieved to obtain the juice. Jackfruit juice (10 ml) was 

then added to the mixture and the pH was adjusted using citric acid. The mixture was then 

poured into little containers, steamed and refrigerated. The organoleptic properties were 

evaluated using a 7 point hedonic scale. Milk powder had a significant effect on brix, 

moisture and total solid but not on pH of product. The effect of sugar on all the 

parameters was significant except for pH and brix, while initial pH had an opposite effect. 

Sensory analysis showed that jackfruit flavored Malaysian dadih formulated with  15% 

milk, 6% sugar and adjusted to pH 5.8 was significantly preferred (p<0.05) over other 

formulations. 

Keywords:  Dadih, jackfruit, chemical, citric acid, milk powder 

 

Introduction 

 

The term dadih in Malaysia refers to a dairy based dessert which has custard like 

texture and is sweet in taste. Traditional Malaysian dadih has a typical flavor from the 

asam gelugur used in the making of whey, which is one of the ingredients used in dadih 

making. Whey used in dadih is obtained by fermenting a small amount of milk overnight 

with asam gelugur (Garcinia atroviridis). The whey is then added to a mixture of milk, 

sugar and salt which is then steamed to form a gel. In Indonesia, the term dadih refers to a 

product which is like yoghurt and sour in taste. Modern dadih production makes use of 

either hydrocolloids, enzymes (rennilase) or acids. The flavor of modern dadih varies 

depending on the flavouring agents used like chocolate, strawberry, corn.  

mailto:nifea173@yahoo.co.id
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Jackfruit (Artocarpus heterophyllus Lam.) is a good source of vitamins (especially 

vitamin A from β-carotene) fiber and minerals. It can be incorporated into a product to 

increase the nutritional content of the product. Rahman et al. (2001) reported that high 

amount of jackfruit spoilage happened during peak fruiting season and this will cause 

food wastage and stated that the addition of jackfruit to yogurt improved the aroma, taste, 

color and texture of the yogurt. 

In the tropics, milk powder is preferred over fresh milk due to the difficulty in 

obtaining fresh milk. In the manufacture of dairy dessert, milk powder is often used 

because it has good protein functionality. By reconstituting with water, powdered milk 

provides better control to obtain the desired amount of total solid content which 

ultimately determines the texture of the product. Sugar has been a part of Malaysian dadih 

formulation because most of the consumers prefer sweet dadih as opposed to Indonesian 

dadih which is sour and taste more like yoghurt. The use of sugar in dairy dessert such as 

ice cream was investigated by Koeferli et al. (1996); these authors studied about ice 

cream related to the use of sugar with fat and non fat milk solid. They found that sugar 

acted as a flavor profile modifier. PH adjustment is an important aspect in acidified milk 

preparations. In this study, milk need to be acidified close to the isoelectric point of 

casein in order to induce gel formation upon heating. Since jackfruit is low in acid, citric 

acid is used to obtain the desired pH. Anema (2008) noted that amounts of non-

sedimentable denatured whey protein and -casein on heating is improved by increasing 

the pH prior to heat treatment.  

The aim of this was to investigate the effects of different formulations using 

different concentrations of milk powder, sugar, and citric acid (pH) on the chemical and 

organoleptic properties of jackfruit flavored Malaysian dadih.  

 

Materials and Methods 

 

Materials 

Milk powder (Fern Leaf), sugar, and jackfruit were purchased from a hypermarket 

in Penang. Ingredients used in the formulation of dadih were of food grade, while 

chemicals used for analysis were of analytical grade. 

Methods 

A factorial experiment was used with different treatments of milk powder, sugar, and pH 

at 2 different levels. Samples were coded as follows: 

A: percentage of milk powder, A1 and A2 (15% and 20%) 

B: percentage of sugar, B1 and B2 (4% and 6%) 

C: pH value, C1 and C2 (5.6 and 5.8) 

Combinations A = milk powder B = sugar C = pH 

A1B1C1 15% 4% 5.6 

A1B1C2 15% 4% 5.8 

A1B2C1 15% 6% 5.6 

A1B2C2 15% 6% 5.8 

A2B1C1 20% 4% 5.6 

A2B1C2 20% 4% 5.8 

A2B2C1 20% 6% 5.6 

A2B2C2 20% 6% 5.8 
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1. Preparation of Jackfruit Puree 

Jackfruit puree was made by macerating cut jackfruit with water in a ratio of 50:80 

and sieving the sample through a muslin cloth to get  the juice.  

2. Preparation of Jackfruit Dadih 

200 mL milk was heated to 80-90°C for 10min. The heated milk was then cooled to 

40°C. Sugar, salt (0.1%) and 10mL jackfruit puree was then added. pH was adjusted 

using citric acid (0.1M). After that the milk mixture was poured in little containers and 

steamed to form gel. 
 

3. Chemical analysis 

Moisture and Total Solid (TS) content analysis of dadih were carried out using the 

AOAC (2005) method. Determination of brix was made using the Refractometer (Hanna, 

HI 96801USA) and pH using a pH meter (Sartorius, PB 10 Germany). 
 

4. Organoleptic evaluation 

The samples were served in small cups and evaluated by 22 untrained panelists from 

among the students of the food technology division of the School of Industrial 

Technology, Universiti Sains Malaysia. The samples were evaluated on color, odor, 

texture, taste and overall acceptability on a 7 point hedonic scale (dislike very much=1, 

like very much=7). 

5. Statistical analysis 

The data collected were analyzed using Statistical Package for Social Science (SPSS), 

version 17.0. Means of the treatment showing significant differences (P < 0.05) were 

subjected to Duncan Multiple Range Test. 

 

Results and Discussion 
 

1. Chemical Properties 

              Data related to pH, brix, moisture and TS content is shown in Table 1. PH of 

products ranged from 6.02-6.23. The highest pH of jackfruit dadih was found in 

formulation A2B2C2 (20% milk, 6% sugar and 5.8 pH). Higher initial pH led to higher 

final pH of products, although in some formulations, the differences were not significant. 

Table 1  pH, brix, moisture, and TS of jackfruit flavored Malaysian dadih  

Code pH Brix Moisture TS 

A1B1C1 6.1
ab
0.0 16.6

a
0.5 81.5

e
0.1 18.5

a
0.1 

A1B1C2 6.2
c
0.0 18.9

b
0.9 81.2

de
0.3 18.8

ab
0.3 

A1B2C1 6.0
a
0.0 18.0

ab
0.6 79.8

cd
0.4 20.3

bc
0.4 

A1B2C2 6.1
ab
0.1 18.2

ab
1.1 81.6

e
1.2 18.5

a
1.2 

A2B1C1 6.1
ab
0.0 21.8

c
0.7 78.5

c
2.0 21.5

c
2.0 

A2B1C2 6.2
bc
0.0 23.5

cd
1.2 76.9

b
0.2 23.1

d
0.2 

A2B2C1 6.1
ab
0.0 23.4

cd
1.1 75.6

ab
0.1 24.4

de
0.2 

A2B2C2 6.2
c
0.2 24.2

d
1.3 74.6

a
0.8 25.4

e
0.8 

a–eMeans in the same column followed by different letters were significantly different (P<0.05). 
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 Brix value of samples ranged from 16.60-24.20 where A1B1C1 was the lowest 

and A2B2C2 was the highest. The use of 20 % milk powder resulted in significantly 

higher (P<0.05) brix value compared to 15% milk powder. However, 4 and 6% sugar 

levels had no significant effect on brix.   

          Moisture content of samples ranged from 74.59-81.55 where A2B2C2 was the 

lowest and A1B2C2 was the highest. The result showed a trend of higher moisture 

content with lower percentage of milk powder. Moisture content was significantly 

(P<0.05) affected by sugar levels, where higher sugar content caused significantly lower 

(P<0.05) moisture content, except for the pair A1B1C2 and A1B2C2 where the difference 

was not significant.  

 TS showed negative correlation to moisture content. TS content of sample showed 

increasing trend with higher milk powder content (20 %). Except for the formula 

A1B2C2, higher sugar (6%) led to significantly higher TS content. 

From those result, it was found that milk powder played a more important role 

than sugar and pH on moisture and TS content. Robinson and Tamime (1986) concluded 

that higher firmness and viscosity of yoghurt is caused by higher total solids content of 

milk. The association of higher or lower total solid content with the final milk product 

properties was also noted by Allmere et al. (1999). They found that rheological properties 

of acidified skim milk gels was influenced by the concentration of protein, fat, protein 

and casein in milk added in a formulation. A study on plain stirred yoghurt was reported 

by Penna et al. (2006) who noted that the increase of total solids content (9.3–22.7 %) 

resulted in a significant increase in consistency index and a decrease in flow behaviour 

index. 

             Milk powder had a significant (P<0.05) effect on all parameters, except pH.  

Sugar had a significant effect on moisture and TS content, while initial pH had significant 

effects on final pH and brix. Interaction between milk and sugar had a significant effect 

on all parameters except brix. Moisture and TS content were influenced by the interaction 

between milk and pH.   

 

2. Color, odor, taste, texture, and overall acceptability of jackfruit dadih  

          The organoleptic results are shown in Table 2. According to panelists, color, taste, 

texture, and overall acceptability showed significant difference (P<0.05) among samples. 

However, odor showed no significant difference (P<0.05) with different combinations of 

milk powder, sugar and initial pH.  

 

Table 2 Color, odor, taste, texture, and overall acceptability of jackfruit dadih  

Code Color Odor Taste Texture 
Overall 

acceptability 

A1B1C1 4.4
ab
1.5 4.71.1 4.1

a
1.4 4.2

ab
1.5 4.1

a
1.1 

A1B1C2 4.7
ab
1.3 4.71.1 4.8

b
1.3 5.0

bc
1.4 4.6

a
1.3 

A1B2C1 4.5
ab
1.1 4.51.2 4.2

a
1.4 4.0

ab
1.5 4.1

a
1.3 

A1B2C2 5.3
b
1.4 5.01.2 5.3

b
1.3 5.3

c
1.2 5.4

b
1.2 

A2B1C1 5.1
ab
1.1 4.81.1 4.6

ab
1.3 4.9

bc
1.2 4.5

a
1.4 

A2B1C2 4.2
a
1.7 4.61.3 5.3

b
1.4 3.5

a
1.8 3.8

a
1.9 

A2B2C1 4.6
ab
1.4 4.91.4 4.3

a
1.4 3.9

ab
1.7 4.2

a
1.3 

A2B2C2 4.7
ab
1.0 4.91.2 5.2

b
1.5 3.5

a
1.7 3.9

a
1.6 

a–cMeans in the same column followed by different letters were significantly different (P<0.05). 
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 For color, A2B1C2 had the lowest score whereas A1B2C2 had the highest score. 

There was no clear trend for color preference in jackfruit dadih samples. A1B1C1 scored 

lowest whereas A2B1C2 and A1B2C2 scored highest for taste.  Significantly (P<0.05) 

higher scores were found in samples with higher initial pH (pH 5.8). The 2 levels of milk 

powder and sugar had no significant effect on the taste of jackfruit flavored dadih. 

Panellists preferred samples which are less sourish. There was no clear trend in the 

preference for texture. For overall acceptability, A1B2C2 had the highest score. Many 

factors contribute to the organoleptic evaluation in milk products. Pohjanheimo and 

Sandell (2009) noted that subjects who considered natural content, ethical concern, and 

health as important food choice motives perceived sourer, thicker, and more genuine 

yoghurt flavour as more pleasant, compared to subjects who considered convenience, 

price, mood, and familiarity more important, evaluated sweeter and smoother yoghurt as 

more pleasant. Addition of other uncommon additives also affect the acceptability of milk 

product such as found in the study of Kip et al. (2006) whereby they noted that the use of 

inulins can improve the creamy mouthfeel of low-fat yoghurts. 

 

Conclusions 

 

Generally, addition of milk powder and sugar significantly affected the chemical 

properties of jackfruit dadih analyzed in this study. In the making of jackfruit dadih, the 

interaction between milk and sugar has a significant impact on the chemical 

characteristics analyzed in this study. The formula of A1B2C2 containing lower levels of 

powdered milk, and higher level of sugar and initial pH was significantly (P>0.05) 

preferred by panelists. 

Acknowledgement 

This work was funded by the RU grant 1001/PTEKIND/815032. 

References 

 

Allmere, T., Åkerlind, N., and Andrén, A. (1999). Rheological properties of acidified gels 

of skim milk from cows selected for high or low milk fat concentration. 

International Dairy Journal, 9(10): 703-707. 

Anema, S. G. (2008). Effect of milk solids concentration on the gels formed by the 

acidification of heated pH-adjusted skim milk. Food Chemistry, 108(1): 110–118. 

AOAC. (2005). Official Methods of Analysis. 8th edn. Association of Official Analytical 

Chemists, Maryland, USA. 

Kip, P., Meyer, D., and Jellema, R. H. (2006). Inulins improve sensoric and textural 

properties of low-fat yoghurts. International Dairy Journal, 16(9): 1098-1103. 

Koeferli, C., Piccinali, R. S., & Sigrist, P. S. (1996). The influence of fat, sugar and non-

fat milk solids on selected taste, flavour and texture parameters of a vanilla ice-

cream. Food Quality and Preference, 7(2): 69-79. 

Penna,  A. L., Converti, A., and de Oliveira, M. N. (2006). Simultaneous effects of total 

solids content, milk base, heat treatment temperature and sample temperature on 

the rheological properties of plain stirred yogurt. Food Technology & 

Biotechnology, 44(4): 515–518. 



 

 
 

 

                                                                                                            Food Innovation Asia Conference 2010: 

                                                                       Indigenous Food Research and Development to Global Market,  

                                                                                             June 17-18, 2010, BITEC, Bangkok, THAILAND 
 

 

95 

Pohjanheimo, T., and Sandell, M. (2009). Explaining the liking for drinking yoghurt: The 

role of sensory quality, food choice motives, health concern and product 

information. International Dairy Journal, 19(8): 459–466. 

Rahman, S.M.R., Rashid, M.H., Islam, M.N., Hassan, M.N. and Hasan, S. (2001). 

Utilization of jack fruit in the manufacture of yogurt. Online Journal of Biological 

Sciences, 1(9): 880-882. 

Robinson, R. K. and Tamime, A. Y. (1986). The role of protein in yoghurt. In 

Developments. In: Food Proteins-4 ed. B. J. F. Hudson. Elsevier Applied Science, 

London, pp. l-35. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 

 

                                                                                                            Food Innovation Asia Conference 2010: 

                                                                       Indigenous Food Research and Development to Global Market,  

                                                                                             June 17-18, 2010, BITEC, Bangkok, THAILAND 
 

 

96 

SO1-06 

Some indigenous corn-based foods from Indonesia,  

which are potential as staple foods 
Meta Mahendradatta*, Abu Bakar Tawali, Amran Laga, Jumriah Langkong, 

 Sitti Nadirah Food Science and Technology Study Program 

Department of Agricultural Technology, Faculty of Agriculture 

 Hasanuddin University, Makassar 90245, Indonesia 

*Corresponding e-mail address: met_mahendradatta@yahoo.com 

 

ABSTRACT 

 

Indonesia has many indigenous corn-based foods which are well known in each 

side of Indonesia particularly in corn-producing region. Corn is an important commodity 

as carbohydrate-rich foodstuff besides rice. The most common problem faced by corn-

based foods is the unwillingness of people to process corn into various products due to 

the long preparation and cooking time. Through some technological touch, an innovative 

product called as parboiled polished corn (jagung sosoh pratanak = JSP) was produced. It 

was a convenient raw material for making some indigenous corn-based foods. By using 

this product, it was expected that the cooking time of corn-based foods could be reduced. 

The aim of this research was to explore some indigenous corn-based foods which are 

potential as staple foods and to apply the parboiled polished corn (JSP) for making those 

indigenous foods. The research parameters were data collecting of indigenous corn-based 

foods (including the origin, procedure of processing, preparation and cooking time) and 

comparing the foods made from dry polished corn and parboiled polished corn. There 

were ten indigenous corn-based foods from Indonesia which are potential as staple foods 

such as nasi kemunak Batanghari (Jambi, Sumatera), lepet jagung (East Java), jagung 

bose (East Nusa Tenggara, kambeweno kahitela (Muna, South East Sulawesi), kambewe 

(Muna, South East Sulawesi), kampalusu (Muna, South East Sulawesi), katumbu (Muna, 

South East Sulawesi), kina gandu (Tolaki, South East Sulawesi), lapoti gandu (Tolaki, 

South East Sulawesi) and barobbo (South Sulawesi). The result showed that cooking time 

of some indigenous foods made from parboiled polished corn was shorter than those 

made from dry polished corn. These foods were jagung bose (20 & 25min.), kampalusu 

(20 & 25min.), kina gandu (20 & 25min.), lapoti gandu (30 & 40min.) and barobbo (20 

& 25min.). The other foods such as nasi kemunak Batanghari (20 & 15min.), lepet 

jagung (15 & 10min.) and katumbu (15 & 10min.) showed the longer cooking time than 

those made from dry polished corn, whereas kambeweno kahitela and kambewe had the 

same cooking time (25min.). The advantage of using JSP was the process could be 

conducted without polishing and soaking the dry corn which took until several hours. 

Sensory evaluation result showed that the most indigenous corn-based foods made by 

using dry polished corn were more acceptable in odor, color, taste and texture than those 

made by using JSP. Based on this research, it was concluded that (1) these ten indigenous 

corn-based foods were potential as staple food and (2) JSP could be processed into certain 

indigenous corn-based foods with the shorter cooking time and better acceptance. 

Keywords: corn-based foods, parboiled polished corn (JSP), original formulation 
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Introduction 

 

Among some food commodities in Indonesia, corn is potential carbohydrate 

source foodstuff beside rice. It has relatively low price and produce in large quantities. 

National corn production in 2006 was 11,609,463 ton, and increased yearly. The 

production in year 2007, 2008 and 2009 was 13,287,527 ton, 16,317,252 ton and 

17,592,309 ton, respectively (Central Bureua of Statistics, 2010).  

Since generation, Indonesian people use corn as staple food. Certain ethnic in 

Indonesia posses indigenous corn-based foods such as bassang and barobbo (South 

Sulawesi); bintebiluhuta (Gorontalo), jagung bose (East Nusa Tenggara), grontol dan 

lepet jagung (Java), nasi kemunak Batanghari (Jambi), kagili, lapoti gandu, kina gandu, 

katumbu, kampalusu, kambewe (South East Sulawesi) and other menus which are made 

from corn (Mahendradatta dan Tawali, 2008).  

These foods disappeared gradually from daily menu and some of these would be 

unknown, particularly by young generation. It was due to unconvenient preparation and 

cooking process, need long time, and uninterested appearance (Tawali, 2006).  Beside 

that corn was still being considered as food for marginal people. It was difficult to find 

corn in supermarket because it was sold only in traditional market and at the side of street 

without special packaging and in form of dry corn.  

Based on survey result it that the interest of people on corn product was actually 

high, but processing and serving of such products were unconvenient so that most people 

did not like to prepare it (Tawali et al., 2003). This problem could be solved by preparing 

the convenient raw material for making indigenous corn-based food from Indonesia. The 

raw material was parboiled polished corn (JSP) which has been developed through some 

researches. It became a convenient and interested raw material for many corn-based 

foods. This has been applied first to make bassang, indigenous corn porridge from South 

Sulawesi which needed 18 hours to prepare it from waxy dry corn into corn porridge, 

after polishing and soaking the corn before cooking. Bassang was made commonly from 

waxy corn with wheat flour, coconut milk and salt. By using JSP, the time could be 

reduced to 20-30 minutes without polishing and soaking the corn.    

This research aimed to explore some indigenous corn-based foods from Indonesia 

which is potential as staple foods. The next step was to apply the JSP to make these foods 

and to compare the result of cooking time and sensory evaluation of both treatments. 

 

Materials and Methods 

 

Materials 

Raw material used in this research were polished waxy corn, yellow corn, 

parboiled polished corn (JSP), kidney bean, mungbean, vegetables, grated coconut, 

coconut milk, salt, water, banana leaf, corn leaf, slaked lime. Chemicals used for 

proximate analysis were sulphuric acid, boric acid, chloride acid, potassium permanganat, 

sodium hydroxyde, chloroform, strong chloride acid, indicator red methil, ammonnium 

hydroxide 1:1, sodium chloride, ammonium oxalate solution, argentums nitrate, NaCl pa,  

n-heptane and sodium carbonate. 
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Methods 

1.  Exploration 

The aim of exploration was to identify indigenous corn-based food from Indonesia which 

potential as staple food. This was conducted by collecting two data: 

1.1 Primary data 

Primary data was collected from direct interview with persons who knowed the 

indigenous corn-based foods well, i.e. native inhabitant and housewife.  The data required 

included the name of foods, origin, raw material and product formulation.     

1.2 Secondary data 

Secondary data was collected from literature, internet, books and other authentic source. 

The data required was similar with primary data.   

 

2.  Development of indigenous corn-based foods by using parboiled polished corn (JSP) 

2.1 Making of parboiled polished corn (JSP) 

Parboiled polished corn was made according to its standard operational procedure as 

follows: (a) cleaning and washing the corn; (b) soaking the corn in water contained 0.005-

0.05% enzim α-amilase and 0.01-0.1 % CaCl (w/w corn) for 24 hours at room 

temperature with ratio corn : water 1: 2 (v/v); (c) cooking the corn for 45 minutes; (d) 

dripping the gel, and (d) drying the corn using electric drying machine at temperature 

75
o
C until water content of corn ± 13%. 

JSP was evaluated for its nutrition profile (proximate analysis) (AOAC, 1990) and 

product profile (rehydration time (Hubeis, 1985), yields and physical appearance)  

2.2 Making of some indigenous foods using parboiled polished corn (JSP) 

Indigenous corn-based foods which were resulted from exploration step were made by 

using JSP and compared to those made by using original raw material.  

 

3. Observation 

3.1 Comparison of cooking time 

The indigenous corn-based foods was observed by comparing the cooking time of the 

products made by using JSP and by using original material. Cooking time was calculated 

since the corn was put into boiled water until the corn was soft or the product was cooked.  

 3.2 Sensory evaluation  

The products were evaluated for their color, taste, odor, and texture by a sensory panel of 

twenty members using a five-point scale (5-excellent, 4-good, 3-acceptable, 2-doubtful, 

1-unacceptable). Samples graded above point 3 were considered to be acceptable for 

consumption (Larmond, 1977). 

 

4.  Data processing  

Data collected was processed using descriptive analysis by explaining the profile of each 

product. Cooking time was calculated for each food, and the time was then compared. 

Sensory score was calculated on the average of each panelst score concerning each 

evaluated product.  
 

Results and Discussion 
 

1. Exploration result  

Based on exploration step, a data about ten indigenous corn-based foods was 

compiled in Table 1. These products came from several regions in Indonesia.  

The appearance of these foods was displayed in Figure 1. The alphabet showed 

the name of these foods as written in Table 1. 
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Table 1 Exploration research  
No Name of foods Origin Raw materials 

a Nasi Kemunak 

Batanghari  

Jambi Keladi, yellow corn  

b Lepet Jagung  East Java  Young corn, grated coconut  

c Jagung Bose East Nusa Tenggara  White corn, salt 

d Kambeweno 

Kahitela 

Muna, South East Sulawesi White corn, grated coconut, slaked 

lime 

e Kambewe Muna, South East Sulawesi Dry corn, coconut milk, kidney bean, 

slaked lime 

f Kampalusu  Muna, South East Sulawesi Dry corn, grated coconut, slaked lime 

g Katumbu  Muna, South East Sulawesi Young corn, coconut milk  

h Kina Gandu  Tolaki / Moronene, South 

East Sulawesi 

Corn, viscous coconut milk,  

pandanus leaf, salt 

i Lapoti Gandu Tolaki / Moronene, South 

East Sulawesi 

Corn, grated coconut, mungbean, salt  

j Barobbo South Sulawesi  Corn, spinach, vegetables 
 

   

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

 
(f) 

 
(g) 

 
(h) 

 
(i) 

 

 
(j) 

 

Figure 1 Some indigenous corn-based foods from Indonesia 
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2.  Development of indigenous corn-based foods by using parboiled polished corn (JSP)  

2.1 Making of parboiled polished corn (JSP) 

JSP was processed through optimized procedure, which has been selected based on best 

result from several treatments (Tawali et al., 2003). First of all, dry corn was polished to 

obtain polished corn and then it was cleaned from the rest of residues and other 

impurities. This process was done three times and produced clean polished corn. Clean 

polished corn then was soaked in water with addition of reagents. Soaking aimed to let 

the product to adsorb water rapidly and uniformly (Wimberly, 1983). In order to make the 

corn tissue open and apart, amylase enzyme and CaCl2 were added to soaking water. As 

consequent, some of starch chains were broken and loose so that the starch could swell 

optimally. The reagents were the mixture of CaCl2-solution and enzyme α-amylase. 

Soaking was carried out until the corn swells. Furthermore, corn was cooked in soaked 

water and additional water was given until the ratio of water and corn was 2:1. Cooking 

aimed to gelatinize the starch (Miah et al., 2002). During cooking, the starch 

gelatinization was occurred therefore the texture of corn became soft. Cooking process 

was carried out until corn became softer and the water was more viscous. It then was 

washed from mucous and then the water remained was dripped until no more water left 

and the corn cooler. Finally, the dripped corn was dried using electric drying machine. 

Nutrition and physical profile of JSP was presented in Table 2. Physical appearance of 

JSP was displayed in Figure 2. 

 

Table 2  Nutrition and physical profile of parboiled polished corn (JSP) 
Nutrition profile 

 Compounds Amounts 

1 Water content (%) 11.46±0.4 

2 Fat (%) 0.36±0.01 

3 Protein (%) 8.59±0.01 

4 Carbohydrate (%) 79.63±0.33 

5 Ash (%) 0.24±0.06 

6 Crude fibre (%) 1.1±0.10 

7 Calsium (%) 0.14±0.02 

Physical profile 

 Parameters Results 

1 Rehydration time (min.) 15 ± 0.05 

2 Yields (%) 64.98 

3 Physical appearance Transparent and compact 

 

 
Figure 2 (from left to right) Physical appearance of dried waxy corn,  

     dried polished corn and JSP 
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2.2 Making of some indigenous foods using parboiled polished corn (JSP) 

These indigenous corn-based foods were made by using JSP in comparison with original 

raw materials according to the recipe.  
 

Table 3 Original formulation compared to modified formulation by using JSP 
No Name of foods Original Formulation Modified Formulation (using JSP) 

1 Nasi Kemunak 

Batanghari  

1. Keladi is cleaned and washed, steamed until 

done, then coolled and grated crudely.  

2. Corn is cooked until soft  

3. Keladi is steamed again shortly if it will be 

served and is mixed with cooked corn.  

1. Keladi is prepared as original formulation 

2. JSP is washed, water is boiled  

3. After boiling, JSP is put into the water, mixed and 

salt is added 

4. Corn is cooked until done 

5. Corn is served by adding keladi  

2 Lepet Jagung  1. Corn is grated and mixed well with grated 

coconut, sugar, salt and vanilie. 

2. Mixture is wrapped with corn leaf and 

formed into small corn cob, steamed until 

cooked.  

1. JSP is crushed, mixed with salt, sugar and grated 

coconut, mixed well  

2. The mixture is wrapped with corn leaf and cooked 

until done  

3 Jagung Bose 1. Corn is crushed by mortar, some water is 

added to ease the crushing process 

2. Crude corn is sieved to separate aleuron and 

the broken pieces  

3. The broken pieces is cooked until done 

1. Kidney bean is cooked until done  

2. JSP is washed and put into boiled water  

3. Vegetables and salt are added, mixed well, kidney 

bean is added, cooked until done  

4 Kambeweno 

Kahitela 

1. Corn is cooked in water contained slaked 

lime, then washed and milled 

2. Grated coconut is added and the mixture is 

wrapped by banana leaf and tied.  

3. After cooking, it is ready to serve  

1. JSP is crushed 

2. Grated coconut, salt and some water are added  

3. The mixture is wrapped with banana leaf and 

cooked until done  

 

5 Kambewe 1. Corn is mixed with slaked lime solution and 

cooked until done  

2. Kidney bean is cooked until done  

3. After cooking, corn is crushed  

4. Crushed corn is mixed with kidney bean, 

coconut milk, mixed well, wrapped with 

banana leaf and cooked.  

1. JSP is crushed  

2. Kidney bean is cooked until done  

3. Coconut milk is boiled, then JSP, salt and kidney 

bean  are added, mixed well until coconut milk is 

adsorbed well  

4. The mixture is wrapped with banana leaf and 

cooked until done  

6 Kampalusu  1. Corn is soaked in slaked lime solution then 

its aleuron is removed  

2. Corn is cooked until done  

1. JSP is washed and put into boiled water, mixed 

slowly and salt is added 

2. JSP is cooked until done  

7 Katumbu  1. Corn is crushed finely and mixed with 

coconut milk and salt  

2. The mixture is wrapped with corn leaf and 

cooked until done  

1. JSP is crushed  

2. Coconut milk is boiled, JSP and salt are put into 

coconut milk, mixed well until coconut milk is 

adsorbed.  

3. The mixture is wrapped with corn leaf and cooked 

until done 

8 Kina Gandu  1. Kidney bean is cooked until done 

2. Corn is soaked in water for  2 hours and 

cooked until half done 

3. Viscous coconut milk, pandanus leaf and salt 

are added  

4. The mixture is steamed until done  

1. Kidney bean is cooked until done  

2. JSP is washed and put into boiled coconut milk, salt 

is added and stirred well until coconut milk is 

adsorbed  

3. The mixture is steamed until done  

9 Lapoti Gandu 1. Mungbean is cooked 

2. Corn is chopped finely 

3. Salt is added into the mixture, wrapped  with 

corn leaf and formed into corn cob  

4. The mixture is steamed until done  

1. Mungbean is cooked until done  

2. JSP is washed, cooked shortly, mixed with 

mungbean, grated coconut and salt  

3. The mixture is wrapped with corn leaf and cooked 

until done  

10 Barobbo 1. Jagung is grated and cooked. 

2. Vegetables and other spices are added and 

cooked until done 

1. JSP is washed, put into boiled water and stirred 

slowly 

2. Vegetables and other spices are added and cooked 

until done 
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3. Observation 

3.1 Comparison of cooking time 

Figure 3 showed that there were eight products which had different cooking time. 

From eight products, there were jagung bose, kampalusu, kina gandu, lapoti gandu and 

barobbo which had shorter cooking time after application of modified formulation. It 

indicated that JSP could be used as alternative raw material for making some indigenous 

corn-based foods which needed relatively shorter cooking time than dry waxy corn. It is 

important to understand that by using of JSP, the preparation time of food made from dry 

corn would be reduced until several hours because soaking process (sometimes also 

polishing) was not necessary. According to Mahendradatta and Tawali (2008), JSP was 

made due to consideration of long time preparation and cooking time of bassang, well-

known indigenous corn porridge from South Sulawesi. By using JSP, the time for making 

bassang could be reduced from 18 hours (including polishing and soaking the corn) to 20 

minutes. 

 

 
Note:  a = nasi kemunak Batanghari  f = kampalusu 

 b = lepet jagung    g = katumbu 

 c = jagung bose    h = kina gandu 

 d = kambeweno kahitela   i = lapoti gandu 

 e = kambewe    j = barobbo  
Figure 3 Cooking time of indigenous corn-based foods made by original formulation and 

modified formulation 

 

Research result showed that nasi kemunak batanghari, lepet jagung, and katumbu 

had the shorter cooking time by using original formulation than modified formulation. It 

was due to the raw materials used by original formulation, i.e fresh yellow corn which 

contained less starch and more sugar than other type of corn (Suarni and Widowati, 2007) 

and also young corn which had softer texture than dry corn. Dried gelatinized starch 

could adsorb water easily and in much amount (R&D Dept. of Agric, 2006). Sugiyono et 

al. (2004) said that the different variety of corn yield different cooking time. This might 

be due to the different structure of corn which might affect the water penetration into 

corn.  

 

3.2 Sensory evaluation 

Result of sensory score of the products for its color, taste, odor, and texture ranged 

between 2.9 – 3.9; 2.85 – 4; 2.75 – 3.8; and 2.9 – 3.65, repectively. Score more than 3 
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indicated that the product was accepted by the panelst. Some foods such as nasi kemunak 

Batanghari, lepet jagung and katumbu used yellow and young corn according to the 

original formulation. It might be the reason why the acceptance of such products better 

than those made from JSP, because JSP was made from waxy corn. Amylopectin content 

of waxy corn might affect the acceptability on the products. According to Suarni and 

Widowati (2007), it has been showed that amylopectin could influence the sensory 

evaluation of corn particularly texture and taste. Result of sensory score was displayed in 

Figure 4. In general, indigenous corn-based foods made by using original formulation 

were better accepted, particularly its odor, than those made from JSP (see Fig.4).   

 

 
                           color 

 

 
 

                                odor 

 
                     taste 

 

 
 

                  texture 

 
Note:  a = nasi kemunak Batanghari  f = kampalusu 

 b = lepet jagung    g = katumbu 

 c = jagung bose    h = kina gandu 

 d = kambeweno kahitela   i = lapoti gandu 

e = kambewe    j = barobbo 
Figure 4 Sensory score of indigenous corn-based foods 
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Conclusions 

 

1. There were some indigenous corn-based food which are potential as staple food such 

as nasi kemunak Batanghari, lepet jagung, jagung bose, kambeweno kahitela, 

kambewe (Muna, South East Sulawesi), kampalusu (Muna, South East Sulawesi), 

katumbu (Muna, South East Sulawesi), kina gandu (Tolaki, South East Sulawesi), 

lapoti gandu (Tolaki, South East Sulawesi) and barobbo (South Sulawesi). 

2. Parboiled polished corn (JSP = jagung sosoh pratanak) could be used as alternative 

raw material for making indigenous corn-based foods, observed from shorter 

preparation and cooking time than those made from raw material based on original 

formulation. By using JSP, preliminary step such as polishing and soaking the corn 

was not necessary. 
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