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INTRODUCTION 
 
The progress of civilization and the increasing pollution of the environment have 
resulted in numerous irreversible changes affecting natural areas (Majtkowski et 

al., 2010). Human activity in recent years has led to an increase in quantities and 
distribution of heavy metals in the atmosphere, soil and aquatic ecosystems 
(Gbaruko and Friday, 2007). The large-scale gas emissions, combustion of 
fossil fuels in heat and power generation plants, accumulation of industrial waste 
as well as utilization of artificial fertilizers and crop protection chemicals in 
agriculture have significantly contributed to the increased content of heavy 
metals in the soils and surface waters. Heavy metals taken up by plants from the 
soils may adversely affect their growth and development (Majtkowski et al., 
2010). Accumulation of heavy metals in soil causes an undesirable changes in the 
soil ecosystems and functioning of plants (Khan et al., 2008a; Khan et al., 
2008b). The consequences of exposing plants to heavy metals may include 
impairments in the processes of flowering, gametophyte development, sprouting 
and development of seedlings (Siwek, 2008).  
Considerable contamination of soils and plants with heavy metals is found in 
areas located along major roads. Carbon and nitrogen oxides, sulfur dioxide and 
heavy metals get into the atmosphere along with fumes produced by combustion 
engines. The use of car tyres and other parts of mechanical vehicles results in the 
fact that numerous substances, including cadmium and toxic lead compounds 
find their way into the environment (Baran et al., 2007). Uptake of heavy metals 
through plants in agricultural areas could pose a serious threat to humans (Liu, 
2007; Yan, 2012). With regard to areas used for farming purposes it should be 
emphasized that the potential sources of heavy metals in the soils include mineral 
and organic fertilizers, lime as well as waste-based composts. Power plants and 
industrial facilities generate dust emissions which may spread over large areas, 
polluting soils at a significant distance from the industrial zones. Air pollution 
leads to accumulation of such elements as cadmium and lead in the soil. 
Regardless of the way heavy metals access the soils, once they exceed the 
acceptable quantities, they may pose significant hazard to plants, animals and 
people (D’Amore et al., 2005; Gruca-Królikowska and Wacławek, 2006). 
Importantly, due to the low mobility of heavy metals in soil they are among the 
most persistent soil pollutants (Potarzycki et al., 1999).  
Heavy metals find their way into plants via their root systems and leaf blades. 
Metals, which in the soil are present in the form of free ions, are more available 
for plants than element occurring in the form of complexes (Chaney et al., 1997). 
Compounds such as metal chelators and organic acids, released by plant roots, 
may increase availability of heavy metals occurring in insoluble soil complexes. 

The degree of heavy metals accumulation in plants depends on the type of metals, 
their concentration in the soil substrate, the form in which they occur, as well as 
the plant variety. As for the contents of heavy metals in specific parts of the 
plant, it is possible to notice a decrease in metal concentration in the following 
order: root, leaves, stalk, flowers, and seeds (Ociepa-Kubicka and Ociepa, 
2012). Excessive quantities of heavy metals in the soil, resulting e.g. from their 
long-term accumulation, pose significant hazard for living organisms 
(Grygierzec, 2013). High concentrations of heavy metals may impair 
physiological and biochemical processes occurring in organisms. The most 
harmful heavy metals include Pb, Hg, Cd, Sn, Cr, Zn, Cu (Gosh, 2010). Metals 
which are considered to be most harmful for humans are cadmium and lead 
(Sekara et al., 2005). Lead is believed to be responsible for many ailments 
affecting people, e.g. chronic neurological disorders (Awofolu, 2005). In the case 
of children, lead poisoning may lead to neurological conditions whose symptoms 
include problems with coordination, loss of short-term memory or learning 
difficulties (Padmavathiamma and Li, 2007). Toxic activity of cadmium, 
visible even with low concentrations of the element in the organism, contributes 
to neoplastic changes, and impairs the functions of liver and kidneys (Czeczot 
and Majewska, 2010). In plants, cadmium can contribute to disturbances in the 
photosynthesis process and nutrients collecting (Kuo et al. 2006, Alia et al. 
2015). Cadmium can cause oxidative stress and decrease the rate of a new cells 
production (Sandalio et al., 2001; Liu et al., 2004). In turn Pb affected to a 
decline of chlorophyll content and the length of roots and shoots (Sharma and 
Dubey, 2005; Joseph et al., 2002). Hence, measurements of heavy metals 
contents in the air, soil and food seem to be a necessary element of monitoring 
and assessment of pollutants in the environment (Gruca-Królikowska and 
Wacławek, 2006). 
The purpose of the present study was to investigate the level of accumulation of 
three selected heavy metals (Cd, Pb, Hg) in seedlings of eight sugar beet 
varieties, with the use of simulated soil contamination. The study was also 
designed to compare the sugar beet varieties in terms of their ability to take up 
heavy metals from the soil. 
 
MATERIALS AND METHODS  
 
Experimental design 
 
The materials used in the study included Pb, Cd and Hg (as Pb(NO3)2,  Cd(NO3)2 
and HgO) which were applied to contaminate the soil, as well as eight varieties of 
sugar beet coming from four companies ( a - Alegra C, Silvetta C, b - Delano C, 

The article presents the findings of a study designed to compare accumulation of cadmium, lead and mercury in seedlings of selected 
sugar beet varieties, as a result of simulated soil contamination. The analyses included seedlings of eight sugar beet varieties:  Alegra C, 
Delano C, Milton C, Primadonna, Silvetta C, Finezja C, Agnieszka, Janosik, which in the course of growth were fortified with heavy 
metals. The acquired results were used to calculate Bioconcentration Factors (BCF) and to compare the contents of heavy metals in the 
examined plants. The greatest capacity to absorb the relevant heavy metals from the soil was found in seedlings of Milton C and Silvetta 
C varieties for cadmium and lead, and in Silvetta C and Finezja C varieties for mercury. It was determined that in the entire group of 
plants, the seedlings of Agnieszka and Janosik verities were least susceptible to bioaccumulation of cadmium and lead, while 
Primadonna variety had the lowest susceptibility to mercury. 
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Milton C, c -  Primadonna, Agnieszka, d -  Finezja C, Janosik). The experiment 
was carried out in Petri dishes, with the use of MLR-352 phytotron. For this 
purpose 30g samples of soil were weighed and transferred to 16 dishes. In the 
study universal soil based on peat, pH = 6 and salinity not exceed 1.9 g.dm-3 
NaCl was used. The soil contained a starting dose of compound fertilizers NPK 
(14-16-18): 0.6 kg/m3. The study using the optic method of inductively coupled 
plasma optical emission spectroscopy (ICP-OES) ruled out the presence of 
cadmium, lead and mercury in the soil. The dishes were divided into two groups: 
the controls (the substrate contained no heavy metals), and the experimental 
group, then identical number of seeds was placed in each of the dishes.  During 
the experiment, the dishes were located in a climatic chamber, 5ml portions of 
demineralized water were added to the control dishes, and solution of cadmium, 
lead and mercury ions was introduced to the experimental sample. The total of 
20mg of the metal ions per 1 kg of the soil was added to each dish. After 10 days 
of growth in constant conditions, i.e. temperature of 25°C, air humidity at the 
level of 90% and constant lighting, above-ground parts of the plants were 
collected for further analyses.  
 
Metal extraction and analysis 
 
The collected plant material was carefully rinsed with demineralized water to 
remove soil residues. Subsequently, the plant samples were subjected to 
microwave digestion in Teflon vessels using Milestone ETHOS ONE microwave 
digestion system. The experimental material was subjected to three digestion 
processes repeated in parallel. 5 g of fresh plants were accurately weighed in a 
120 ml Teflon digestion vessel. Then 8 ml of nitric acid was added and dissolved 
using microwave mineralization. The acid clear solution were transformed to 50 
ml volumetric flasks and diluted with deionized water.  The contents of cadmium, 
lead and mercury were determined using the optic method of inductively coupled 
plasma optical emission spectroscopy (ICP-OES). All elements were blanked by 
blind sample with was clear nitric acid mineralized in the same time and 
conditions. In the calibration step, standard solutions for all elements were 
prepared from a spectroscopic grade reagent (Thermo) with 3 step curve. A curve 
fit factor for all elements were above 0,99. 
 
Data and statistical analysis 
 
The findings were used to determine the Bioconcentration Factor (BCF), which 
shows the capacity of plants to take up heavy metals from the soil and to 
accumulate them in their tissues. The factor shows the relation of the heavy metal 
concentration in the plant tissues to the concentration of the same metal in the 
soil. Bioconcentration Factor was calculated from the formula (Zhuang et al., 
2007):  
 

BCF = Charvested tissue / Csoil 
 
where Charvested tissue means the concentration of the heavy metal in plant tissues, 
and Csoil means the concentration of the metal in the soil from which it was 
absorbed. 
 
The statistical analysis of the findings was performed using software Statistica, 
version 10.0. The mean values and standard deviations were computed, and the 
differences were statistically verified using Student’s t-test, at the significance 
level of p<0.05, for n = 3. 
 
RESULTS AND DISCUSSION  
 
Figure 1 shows the mean contents of lead and the standard deviation in the 
examined plants.  
 

 
Figure 1 Contents of lead in the experimental and control group depending on 
sugar beet variety 

Concentration of Pb in the investigated plants was significantly higher in all 
experimental samples, in comparison to the controls (the mean value for the 
experimental group differs significantly from the control - Student’s t-test, 
p<0.05, n=3). The highest contents of lead were identified in Milton C and 
Silvetta C varieties, and the lowest contents of this metal were found in 
Agnieszka and Janosik varieties. 
 

 
Figure 2 Contents of cadmium in the experimental and control group depending 
on sugar beet variety  
 
Concentrations of cadmium in all studied varieties of beet were significantly 
higher, in comparison to the controls (the mean value for the experimental group 
differs significantly from the control - Student’s t-test, p<0.05, n=3). The highest 
contents of cadmium in the experimental samples were found in the same plants 
which had the highest concentrations of lead (Milton C and Silvetta C). The 
lowest contents of cadmium were again identified in Agnieszka and Janosik 
varieties. Jankowska et al. (2007) measured the contents of lead in selected 
species of dicotyledonous plants growing in the proximity of an express way and 
they identified varied contents of lead in above-ground parts of the common 
dandelion, broadleaf plantain, and common sorrel (Jankowska et al., 2007). 
Differences in the capacity for accumulating lead and cadmium in several 
varieties of the same plant species were demonstrated by Tyksiński and 
Kurdubska (2004; 2005) who identified a diverse capacity for accumulating these 
metals in varieties of lettuce (Lactuca Sativa L.) and radish (Raphanus Sativus 
L.). In the case of radish these authors also identified the highest and the lowest 
concentrations of cadmium and lead in the same plant varieties (Tyksiński and 
Kurdubska, 2004; 2005). 
 

 
Figure 3 Contents of mercury in the experimental and control group depending 
on sugar beet variety  
 
Concentrations of Hg in the examined sugar beet varieties were significantly 
higher in all the experimental groups in comparison to the controls (the mean 
value for the experimental group differs significantly from the control - Student’s 
t-test, p<0.05, n=3). The findings showed the highest concentration of mercury in 
Silvetta C and Finezja C varieties. The lowest concentration of this element was 
identified in Primadonna variety. Just like cadmium and lead, mercury does not 
have any nutritional functions for plants, yet it finds its way into plant tissues. 
Due to the fact that in plant tissues mercury is bound by protein sulfhydryl 
groups, the element may induce adverse changes in cellular respiration processes, 
in particular related to enzymatic transformation (Gworek and Reteńska, 2009). 
As reported by Kabata-Pendias (1992) higher plants are not excessively sensitive 
to the presence of mercury in the environment. In the case of plants which are 
vulnerable to toxic activity of mercury, e.g. beet, maize, and rose, increased 
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concentration of the element may injure their roots, and lead to chlorosis 
(Kabata-Pendias, 1992).  
Table 1 shows the calculated values of correlation coefficients. High positive 
correlation (significant dependence) were identified between mercury and lead (a 
value of 0.69) as well as mercury and cadmium (a value of 0.69). Practically 
complete dependence were identified between cadmium and lead value of 
correlation coefficient 0.96. 
 
Table 1 Correlation between the analyzed elements 

 Mercury Lead Cadmium 

Mercury 1 0.69 0.69 

Lead  1 0.96 

Cadmium   1 
Bioconcentration Factor (BCF) was calculated in order to determine the degree of 
mobility of the selected heavy metals in the investigated plants. The value of 
BCF reflects the plants susceptibility to metals infiltrating from the soil and it 
provides information about the bioaccumulation properties (Czech et al., 2014).  
 
Table 2 Values of Bioconcentration Factor (BCF) for lead, cadmium and 
mercury 

Sugar beet variety 

Bioconcentration Factor (BCF) for the 
examined part of the plant 

Pb Cd Hg 

Alegra C 0.313 0.384 0.450 

Delano C 0.354 0.396 0.535 

Milton C 0.415 0.477 0.584 

Primadonna 0.234 0.328 0.360 

Silvetta C 0.430 0.471 0.696 

Finezja C 0.316 0.424 0.668 

Agnieszka 0.226 0.289 0.519 

Janosik 0.214 0.271 0.469 

 
Table 2 shows the BCF values for lead, cadmium and mercury in the above-
ground part of the plants. The present findings suggest that seedlings of Silvetta 
C variety are most susceptible to accumulation of the relevant heavy metals (Pb, 
Cd, Hg). The values of BCF for this variety were: 0.430 Pb, 0.471 Cd and 0.696 
Hg. The findings also show that all the sugar beet varieties in question are 
characterized by higher bioaccumulation properties in relation to mercury than in 
the case of the remaining investigated elements (cadmium and lead). 
 
CONCLUSIONS  
 
It was demonstrated that all the investigated plants have the capacity to absorb 
heavy metals from the soil and to accumulate them in their tissues. The highest 
capacity to absorb cadmium and lead from the soil was found in seedlings of 
Milton C and Silvetta C varieties, and the highest concentrations of mercury were 
identified in seedlings of Silvetta C and Finezja C varieties. It was determined 
that in the group of the examined plants Agnieszka and Janosik varieties were 
least susceptible to cadmium and lead bioaccumulation, while Primadonna 
variety was least susceptible to mercury. This study show that the seedlings of the 
specific varieties of sugar beet differed in terms of their capacity to absorb heavy 
metals from the soil. 
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ABSTRACT 
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INTRODUCTION 
 
Milk and fermented dairy products are widely consumed in South Africa not only 
because they form a part of the traditional diet of South Africans (Van Wyk et 

al., 2002), but also because of the health benefits associated with their regular 
consumption.  Furthermore, these products have versatile uses and are available 
in a wide variety of flavours, making them enjoyable and interesting foodstuffs to 
consume (Shiratsuchi et al., 1994). 
In recent years, even though new and/or improved fermented dairy products have 
appeared on the South African market, affordability still remains a problem for 
the vast majority of the population (Schönfeldt et al., 2010). The fact that there 
has been an increase in the demand for yoghurt and maas (Coetzee, 2011) clearly 
demonstrates that there is a need for affordable good quality fermented dairy 
products similar to yogurt and maas in the South African dairy market. Maas is a 
traditional fermented milk made by fermenting raw milk in clays pots or 
calabashes. It is consumed by the rural inhabitants of South African villages 
(Kebede et al., 2007). The industrially made version of maas is also produced 
and available for people living in urban areas (Van Wyk et al., 2002).  
Kefir, a fermented dairy product originating from the Caucasus Mountains 
(Doğan, 2011), has the potential to fill that market niche because it has several 
attributes, such as being home-made, having probiotic properties and having a 
well-balanced nutritional composition, that would make it an affordable and 
healthful fermented dairy product for South African consumers. Furthermore, 
kefir is similar to maas in many aspects and according to Burger (2010), “Kefir 
would taste similar to the maas connoisseur”. Finally, the biggest advantage of 
this product is that kefir grains, the starter culture from which kefir is made, are 
endlessly reusable.  
Mass production of kefir grains for distribution or selling is possible by using the 
mass cultivation procedure (Schoevers and Britz, 2003), which yields ‘mass 
cultured kefir grains’ (MG). These grains will be a more commercially viable 
option for kefir production as their culturing will be considerably more cost-
effective when compared to traditional grains. The drawback of these grains is 
that the resultant kefir beverage has an unpleasant flavour when compared the 
flavour of traditional kefir. The latter has a pronounced buttery flavour and slight 

to strong yeasty flavour, combined with a distinctive acidity essentially 
originating from lactic acid (Bakhshandeh et al., 2011). Since metabolites are 
synthesised by the symbiotic activity of the microbial consortium in the kefir 
grain, it is proposed that the lack of flavour in MG-kefir can be ascribed to an 
intrinsic microbial imbalance within the MG or the absence of a significant 
number of flavour forming microbes (Witthuhn et al., 2005). Thus enriching 
mass cultured kefir grains with flavour forming microorganism may improve the 
sensory character of MG kefir. In that regard, the objective of this study is to 
evaluate the metabolic profiles and establish the consumer preference of MG 
kefir, Traditional kefir and variants of MG kefir made from enriched mass 
cultured kefir grains.  
 
MATERIAL AND METHODS 
 
Preparation of kefir 
 
Two batches of MG were separately enriched by adding Candida kefyr 1283 and 
Lactococcus lactis spp. lactis biovar. diacetylactis 318 to produce two new 
variants of mass cultured kefir grains, namely MGC (mass cultured grains with 
C. kefyr) and MGL (mass cultured grains with L. lactis spp. lactis biovar. 
diacetylactis). Kefir was produced from these grains as well as from mass 
cultured grains (MG), while kefir from traditional grains (TG) served as a 
control. Thus, it is obtained four variants of kefir. 
For the preparation of the kefir variants, 20 g of kefir grains (MG, MGC, MGL 
and TG) were inoculated into 300 mL pasteurised milk. Milk inoculated with 
MG, MGC and MGL were incubated at 22ºC, whereas the traditional kefir was 
prepared under uncontrolled home-style conditions. After an incubation period of 
24h, the grains were removed to obtain the final kefir beverages. 
The kefir beverages were labelled as follows: Trad-kefir (kefir produced from 
TG), MG-kefir (kefir produced from MG), Lacto-kefir (kefir made from MGL) 
and Candi-kefir (kefir made from MGC). 
  
 
 

Kefir is an alternative fermented dairy product for low income South African consumers. However, it was shown that mass culturing of 
kefir grains leads to a loss of positive sensory attributes. Thus, this paper evaluates the chemical composition and the sensory 
acceptability for South African consumers of four variants of kefir (traditional kefir, mass-cultured kefir, Candi-kefir and Lacto-kefir). 
Results showed that all variants of kefir contained key flavour compounds: acetaldehyde (7 – 45 mg.L-1), ethanol (186 – 1774 mg.L-1), 
diacetyl (5 – 12 mg.L-1), ethyl acetate (1,2 – 30 mg.L-1) and acetic acid (892 – 4 490 mg.L-1); with acidity (TA: 0,85 – 0,96%; pH: 4,13 – 
4,25) comparable with ranges reported in literature. 
Based on the liking of flavour of the variants of kefir, three clusters of consumers (N=85) were identified using Ward’s clustering. 
Cluster I was negatively sensitive to acidic products as indicated by the low scores (<5,30) given for liking of flavour. For Cluster II 
consumers, the main driver of liking of flavour was ethanol (r = 0,963; p < 0.05), therefore giving the best score (7,5) to traditional kefir 
the most ‘yeasty’ variant. For cluster III, acidity was a significant driver of liking (r = 0,999; p < 0.05). Thus, less acidic kefir products 
obtained better consumer liking scores ranging between 7,09 and 7,63. 
The results of this study add to the understanding of sensory attributes which drive consumer preference for kefir. This important 
information can be used by the South African dairy industry to strengthen the current market through the appropriate production of 
kefir. 
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Metabolite profiles and acidity 
The measurements of acidity as well as the quantification of short chain fatty 
acids and volatile organic compounds were done on the four variants of kefir. 
 
Volatile organic compounds determination 

 
Samples were prepared by placing 9.75 mL of kefir in a 20 mL glass vial 
containing 2.5 g NaCl and 0.25 mL tetrahydrofuran. The vial was crimp-sealed 
with a silicone-PTFE seal and aluminum cap and incubated in a waterbath for 50 
min at 95ºC.  
Separation and identification of volatile organic compounds (VOCs = 
acetaldehyde, ethanol, acetone, diacetyl, 2-butanone and ethyl acetate) present in 
kefir were determined using a Fisons 8000 Series gas chromatograph (FISONS 
INSTRUMENTS S.P.A., MILAN, ITALY). Details of the GC settings are fully 
described in previous works (Human, 1998; Ntsame Affane, 2012).  
Quantitative determination of the metabolite compounds was done by integration 
of the peak areas using an external standard calibration and Borwin Version 1.2 
integration software (JMBS DEVELOPMENTS, LE FONTANIL, FRANCE). 
 
Volatile short chain volatile fatty acids determination 

 
Samples were prepared by centrifuging 10 mL of Kefir for 10 min at 10 000 g. 
The resulting supernatant was filtered through Whatman paper No. 1 filter to 
remove solid particles and obtain a clear supernatant. One mL of formic acid 
(35% v.v-1) and 2 L of n-hexanol (as internal standard) were added to 3 mL of 
the filtered supernatant.  
The short chain volatile fatty acids (VFAs) were determined using a Varian 3700 
gas chromatograph (Palo Alto, California, USA) equipped with a flame ionisation 
detector and a 30 m bonded phase Nukol (Supelco, Inc., Belafonte, PA, USA) 
fused silica capillary column (0.53 mm diameter and 0.5 m film thickness). The 
details of the method can be found in previous works (Sigge et al., 2005; Ntsame 
Affane, 2012). VFAs were quantified using the Borwin Version 1.2 integration 
software (JMBS DEVELOPMENTS, LE FONTANIL, FRANCE). 
 
Titratable acidity and pH measurements 

 
The pH values of Kefir were measured with a microprocessor pH meter equipped 
with a glass electrode and a temperature probe (HANNA INSTRUMENTS model 
22x, ANN ARBOR, USA). The titratable acidity (TA) was measured in triplicate 
by the titration of 10 mL sample with phenolphthalein against 0.11 M NaOH 
(James, 1999). TA is expressed as % total acids. 
 
Consumer preference analysis 
 
The consumer preference test was conducted with a group of 85 consumers, 
which regularly consume non-sweetened fermented dairy products such as maas, 
Greek and Bulgarian yoghurts. Consumers were presented with a set of four 15 
mL samples of each variant of kefir, served according to a randomised complete 
block design. Consumers rated each sample for liking on a 9-point hedonic scale: 
Like extremely (9), Like very much (8), Like moderately (7), Like slightly (6), 
Neither like nor dislike (5), Dislike slightly (4), Dislike moderately (3), Dislike 
very much (2) and Dislike extremely (1) (Lawless and Heymann, 2010). 
 
Statistical analysis  
 
Consumer sensory data were analysed using SAS® software (Version 9; SAS 
Institute Inc, Cary, USA) and subjected to the Shapiro-Wilk test for non-

normality of the residuals (Shapiro and Wilk, 1965). Then, analysis of variance 
(ANOVA) was performed and student’s t-least significant difference (LSD) was 
calculated at the 5 % significance level to compare treatment means. 
Ward’s clustering was performed to cluster individual judges in terms of their 
liking of the four variants of Kefir with XLStat (Version 7.5.2, Addinsoft, New 
York, USA). ANOVA was performed, to determine the differences in preference 
patterns between clusters, with cluster as factor to test for ClusterSample 
interaction as well as separately for each cluster. 
Principal component analysis (PCA) using the correlation matrix was conducted 
using XLStat (Version 7.5.2, Addinsoft, New York, USA) to visualise and 
elucidate the relationships between the samples and their attributes. 
 
RESULTS AND DISCUSSION 
 
Metabolite profiles and acidity 
 
The results presented in Table 1 show acetaldehyde (7 – 45 mg.L-1), ethanol (186 
– 1774 mg.L-1), acetone (4,5 – 14 mg.L-1), diacetyl (5 – 12 mg.L-1), 2-butanone (1 
– 4 mg.L-1), ethyl acetate (1,2 – 30 mg.L-1) and acetic acid (892 – 4490 mg.L-1) 
that were found in all variants of kefir. The differences observed when comparing 
these results to literature sources originate from differences in the microbial 
composition of the kefir grains, the inoculum size, the origin (cow, sheep, camel, 
soya) and type of milk (full cream, low-fat or fat free), the incubation time and 
the analytical methods used (Rea et al., 1996). 
In terms of acidity, Trad-kefir was the most acidic product, with a pH of 4,13 and 
TA of 0,96%. The reason for that could be that Trad-kefir was produced under 
uncontrolled conditions. For the other kefir types, the pH varied between 4,23 
and 4,25; and TA between 0,85% and 0,90% (Tab 1). These values of pH and TA 
were within the range reported in the literature (Simova et al., 2002; Chen et al., 
2009). 
Kefir is known to have an acidic taste originating from the presence of lactic 
acid, associated with a buttery and slightly yeasty flavour. Although diacetyl 
plays an important role in the flavour of kefir, it has to be balanced with 
acetaldehyde. A balanced flavour is weighed by the ratio of diacetyl to 
acetaldehyde, which in most good cultured dairy products varies between 3 and 5 
(Sandine et al., 1972; Kosikowski and Mistry, 1997). However in the case of 
kefir prepared with kefir grains, it appears that a lower ratio is more prevalent in 
kefir since the ratios found for the four variants varied between 0,12 and 1,07. 
The results are confirmed by literature sources, which also reported lower ratios 
(0,0 – 2,57) (Güzel-Seydim et al., 2000; Wszolek et al., 2001; Beshkova et al., 
2003; Ntsame Affane, 2012). An exception was an extremely high ratio of 77 
obtained in one study (Liu et al., 2002). where the concentration of diacetyl after 
24 h of incubation at  254 mg.l-1Kefir prepared using soya milk also had higher 
ratios ranging between 10,5 and 16,6 (Liu et al., 2002; Pourahmad et al., 2011). 
 
Consumer preference analysis 
 
The PCA bi-plot (Fig 1) showed that Trad-kefir, which served as the control 
sample for this study, was associated with TA, ethanol, ethyl acetate, 
acetaldehyde and 2-butanone, whereas MG-kefir and Candi-kefir associated 
strongly with diacetyl and acetone. The figure 1 also shows that Lacto-kefir 
associated strongly with acetic acid. This distribution originates from the fact that 
traditional kefir had the highest concentrations in ethanol and ethyl acetate, 
Candi-kefir and MG-kefir had the highest concentration in diacetyl and acetone 
whereas Lacto-kefir had the highest concentration of acetic acid (Tab 1). The 
PCA analysis is in accordance with the obtained results.  
 

 
Table 1 Metabolite profiles and acidity of the four variants of kefir. Results are expressed as mean  standard deviation (N=85) 

Kefir variants pH TA() Acetaldehyde Diacetyl Ethanol Acetone 2-butanone Ethyl 
acetate Acetic acid 

Ratio diacetyl 
to 

acetaldehyde 

     mg.L-1      

Trad-kefir 4,13 0,96 45 0,23 5,5 1,9 1774 252 10 0,1 4 1,0 30 7,2 1382 302 0,12 

Candi-kefir 4,25 0,89 16 4,3 12,1 6,7 721 362 12 1,6 1 0,3 1,5 0,4 2431 178 0,76 

Lacto-kefir 4,23 0,90 7 1,1 5,1 2,2 531 150 4,5 1,7 1,1 0,3 1,2 0,3 4490 560 0,73 

MG-kefir 4,25 0,85 9 0,7 9,6 4,4 186 68,4 14 1,4 1,7 0,1 11 1,9 892 57 1,07 
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Figure 1 PCA bi-plot indicating the association of chemical constituents in relation to Trad-kefir, Candi-kefir, Lacto-kefir and MG-kefir 

 
Segmentation of consumer acceptability 
 
The composition of the total consumer group was not homogenous but mainly 
constituted by consumers of Bulgarian yoghurt (39%), Greek yoghurt (31%), 
buttermilk (57%) and maas 39% than consumers of kefir (16%). Thus, Ward’s 
clustering was applied and three different clusters of consumers were identified, 
based on their degree of liking of the different variants of kefir. 
The data in Table 2 clearly shows that the regular consumption of kefir, maas and 
buttermilk played a large role in the consumers clustering. After conducting the 
cluster analysis, the liking scores of each cluster for the flavour of the respective 
products were superimposed on the chemical data in a second PCA analysis (Fig 
2). 
 
Table 2 Demographic information and characteristics of each cluster expressed 
as percentage 

Consumers 
N=85 

Cluster I (%) 
N=36 

Cluster II (%) 
N=20 

Cluster III (%) 
N=44 

Kefir consumption 
NR 
R 

 
100 

0 

 
50 
50 

 
83 
17 

Greek yogurt 
consumption 
NR 
R 

 
61 
39 

 
75 
25 

 
66 
34 

Bulgarian yogurt 
consumption 
NR 
R 

 
55 
45 

 
69 
31 

 
63 
37 

Maas consumption 
NR 
R 

 
79 
21 

 
62 
38 

 
43 
57 

Buttermilk 
consumption 
NR 
R 

 
48 
52 

 
56 
44 

 
29 
71 

NR= not regular; R= regular 
 

 
Figure 2 PCA bi-plot indicating the degree of liking of flavour of cluster I, II and 
III in relation to the four kefir samples and chemical constituents 
 
Cluster I 
 
Cluster I, representing 36% of consumer panel, had the particularity that none of 
the consumers (0%) were regular consumers of kefir; but rather regular 
consumers of maas, Greek yoghurt, Bulgarian yoghurt and buttermilk (Tab 2). 
This group of consumers gave low scores (2,41 to 5,30) to all the variants of 
Kefir (Table 3), with the highest score obtained by Candi-kefir (5,30) and the 
lowest score obtained by Trad-kefir. The most likely reason for the low scores is 
that this group of consumers has never consumed kefir products prior to the 
sensory analysis. In addition, less than 25% of this group drinks or uses maas 
regularly; and they are consequently unfamiliar with the naturally acidic taste of 
kefir. Furthermore, it could also be hypothesised that this group of consumers 
may have the tendency to sweeten (with fruits, honey or sugar) plain yoghurts 
and buttermilk or use them for baking purposes; making this consumer group 
quite unfamiliar with the natural acidity of traditional fermented dairy products 
(Doğan, 2011).  
 
Cluster II  
 
Consumers from cluster II represent 20% of the consumer panel and the 
preference liking of this cluster was significantly driven by ethanol content (r = 
0,963; p < 0,05) (Fig 2), which is responsible for the yeasty flavour in kefir. This 
yeasty flavour is an essential and definitive character of kefir. Thus, it can be 
suggested that consumers of cluster II enjoyed the ‘yeasty flavour’ of the four 
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variants of kefir. This was confirmed by the results (Table 3), which indicated 
that the degree of liking of kefir types was associated with the quantity of ethanol 
present in the different variants of kefir. In keeping with these results, Trad-kefir 
obtained the best score (7,5), followed by Candi-kefir (6,31), Lacto-kefir (5,94) 
and MG-kefir (4,87). The concentrations of ethanol in these products were 1774 
mg.L-1, 720,5 mg.L-1; 531 mg.L-1 and 186 mg.L-1, respectively. In addition, the 
highest percentage regular consumers of kefir were found in this cluster (Table 
2), which offers an additional explanation as to why traditional kefir obtained the 
best score (7,5). This group of consumers also gave the lowest score to MG Kefir 
(4,87), which was not surprising since regular kefir consumers would find the 
taste of MG-kefir untypical. 
Different views are held regarding the ‘strength’ of the yeasty flavour in kefir. 
Some authors believe that kefir has a strong yeasty flavour (Marshall, 1984) 
whereas others believe that kefir has a weak yeasty flavour (Vedamuthu, 1977; 
Güzel-Seydim et al., 2000). Thus, considering the results obtained, it appears 
that consumers from cluster II preferred kefir that exhibited a strong yeasty 
flavour. 
 
Table 3 Degree (max 9) of liking of flavour for Trad-kefir, Candi-kefir, Lacto-
kefir and MG-kefir by cluster I, II and III. Means with different alphabetical 
letters differ significantly (p<0.05). 

Samples Cluster I Cluster II Cluster III 

Trad-kefir 2,41c  1,15 7,50a  0,97 4,91c  1,60 

Candi-kefir 5,27a  2,03 6,31ab 2,24 7,63a  0,97 

Lacto-kefir 4,20b  2,11 5,94bc  1,53 7,09b  0,96 

MG-kefir 5,14a  2,15 4,87c  1,45 7,29ab  1,04 

 
Cluster III 
 
Cluster III comprised the largest group of consumers (44%) and for this group, 
pH was the driver of liking (r = 0,999; p < 0,05) (Fig 2). The preference pattern 
of cluster III appeared to be similar to that of cluster I. As with cluster I, this 
cluster indicated the highest preference for Candi-kefir with a rating of 7,63, 
whereas Trad-kefir obtained the lowest mean score (4,91) (Table 3). This group 
did, however, give considerably higher scores to all these products (4,91 – 7,63) 
when compared to consumers from cluster I (2,41 – 5,30) (Table 3).   
The high scores for liking of the flavour (7.09 – 7.63) obtained for Candi-kefir, 
Lacto-kefir and MG-kefir may originate from the fact that these types of kefir 
were mildly acidic products (pH= 4,23 – 4,25) as opposed to Trad-kefir, which 
was moderately acidic (pH= 4.13). This study confirmed previous findings that 
acidity perception generally determines the acceptability of fermented dairy 
products (Ott et al., 2000). 
Furthermore, it is interesting to note that the liking scores obtained for Candi-
kefir (7,63), MG kefir (7,29) and Lacto-kefir (7,09) decreased as the content of 
diacetyl decreased. Diacetyl concentrations were 12 mg.L-1, 9,6 mg.L-1 and 5 
mg.L-1 for Candi-kefir, MG-kefir and Lacto-kefir, respectively. Although the 
driver of liking of flavour for cluster III was not strongly driven by diacetyl (r = 
0,646; p > 0.05), it is possible that as a high proportion of cluster III consumers 
drink buttermilk regularly (71%), the buttery flavour of kefir types could have 
prompted the preference ratings of these consumers.  Indeed, the buttery flavour 
imparted by diacetyl, which concentration ranges between 1 and 4 mg.L-1 is the 
prominent flavour found in buttermilk (Vedamuthu, 2006). 
 
CONCLUSION 
 
Amongst the variants of kefir tasted, Candi-kefir was generally preferred by most 
of the consumer panel. This is an indication that mass cultured kefir grains 
enriched with Candida kefyr (MGC) has the potential to be successfully marketed 
to South African consumers. However, the other variants of kefir, included Trad-
kefir the most acidic variant, would also have a market within the population as 
shown by the results. 
This study has provided some understanding on the preference liking of kefir, a 
cultured dairy product unknown to South African consumers. It clearly appears 
different patterns of consumer liking driven by the perception of acidity and the 
volatile organic compounds diacetyl, and ethanol. Thus, further work on the 
identification of sensory attributes (eg. sweetness, saltiness, bitterness, 
astringency, acidity, fruitiness, creaminess), which drive the liking of South 
African consumers within specific consumer segments will further elucidate the 
viability of marketing kefir in South Africa. 
In addition, this study also showed that drawing conclusions only based on the 
calculation of ratio of diacetyl to acetaldehyde may be inappropriate and should 
preferably be associated with a sensory testing.  
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INTRODUCTION 
 
Yeast are unicellular eukaryotes belonging to phylogenetic group of fungi and 
classified into two groups Ascomycetous and Basidiomycetous (Gadanho et al., 
2003). Yeasts are extensively exploited for production of alcoholic beverages, 
leaven bread dough, enhance or impart a meaty flavour to food products, 
preparation of soups, gravies, meat products, sauces and in the flavouring of 
snacks (Stewart et al., 1998; Walker et al., 1998; Erten & Tanguler., 2006). 
Sacchromyces cerevisiae, a specie of yeast, is a cheaper source and have been 
very instrumental in baking, winemaking and brewing since very very long ago 
(Stam,  1998). As a result of fermentation of molasses, a huge amount of yeast 
cream is produced every year. About ~1300 tons dry matter (DM) of distillery 
yeast biomass is disposed of annually (Khan, 2001). It is considered as a toxic 
waste and its disposal creat environmental problems due to its some polluting 
characteristics (Bustamante, 2008). Proximate analysis indicated that yeast 
cream contains 27 to 29% crude protein that could be utilized as a single cell 
protein (SCP) for poultry and feed stock for fish diets (Sharif, 2012). 
Poultry industry is highly dynamic and progressive industry that is expanding 
with every passing day, it has became a leading protein source for human beings. 
However, continuous supply of chicken is directly linked to uninterrupted supply 
of broiler’s feed - especially its ingredients. Protein requirements vary according 
to animal need, for example, poultry broiler chicks need more protein as 
compared to layers i.e. White Leghorn chicks. Among chief broilers feed 
ingredients, the (essential) amino acids are of chief importance for chicks 
development. Various independent studies have unraveled the importance of 
amino acids in chicken development. U.S. Organic poultry companies concluded 
that low amount of metheionine in fast growing birds can reduce immune 
response, poor  feathering, cannibalism and feather pecking and increase 
mortality (Anne 2008). Diet of birds enriched with sulphur containing amino 
acids (metheionine and cysteine) can increase the antitoxicity which can prevent 

damage to cells by combating with free radicals (Anonymous, 2009) and thus 
boost defense against invading pathogens (Diz, 2006). Although, in the current 
scenario, soyabean is being used widely in poultry industry but studies have 
shown that the relative amount of methionine and cystine is quite low that 
making it unideal to use in poultry industry. These two amino acids, methionine 
and cysteine respectively, are major limiting amino acid for birds (Baize, 2000). 
To meet the protein demands of broiler’s feed industry, different sources 
including plants, whey, fish meal and feather meal were exploited. However, 
limitations were observed for example cereals contain only 12-15% protein 
while, 15-20% of protein is required for growing chicks, additionally, this source 
is deficient in essential amino acids like methionine and/or lysine.Synthetic 
herbal products (likeAV/CAP/18) enriched with methionine, choline, lysine and 
biotin are used in broiler feed which have capability of feed additive as well as 
hepatoprotective (Kanuri, 2014). Fishmeal, another protnecious source, is 
relatively deficient in methionine, lysine, histidine, and tryptophan as compared 
to other source of protein. Feather meal has high content of cysteine, which can 
inhibit the uptake of both D- and L-methionine in the chick mucosal epithelial 
membrane (Saima, 2008). 
Previous studies have shown that addition of organc acids in poultry feed can 
effectively increase the absorption of vitamins D and K in chickens, and helps in 
the formation of soluble salts of calcium and iron (Teresa, 2009). Fresh acid 
whey mixed with a poor-quality feed effectively declined the mortality rate due 
to the high amount of amino acids like methionine, lysine and tryptophan. All 
aforementioned amino acids are, present in high amount in the yeast cream as 
compared to cereals and these are essential for the growth and health of the 
animals (Sudha, 2005). 
The poultry industry is gaining an importance in developing countries like 
Pakistan with an annual growth rate about 8 to 10% (Economic  Survey  of  
Pakistan,  2013-2014). On the other side, increasing human population have 
generated the competition between human beings and poultry for feed. 

Yeast cream, an extremely good source of single cell protein (SCP), is formed as a by-product after the fermentation of molasses by 
Saccharomyces cerevisiae in bioethanol industry. A huge amount of   yeast cream is produced annualy but seldom has destined as 
protein source in food industry therefore, produced yeast cream, is discarded due to no utilization especially in under developed 
countries including Pakistan. The yeast cream can be utilized in various food and feed industries (espcially in poultry industry)  in a 
promising way to solve the protein shortage problems. Although, in previous century, several attempts have been under taken at larger 
scale to opt SCP as a potential human food ingredient to combat the protein shortage but failed due to its potential hazardous 
ingredients. However, adopting SCP as a potential poultry feed ingredient can potentially alleviate the such effects. This current study 
was aimed at deciphering the amino acid level in yeast cream in order to investigate its potential usage in poultry industry . To meet the 
objectives, three different independent yeast cream samples of two different strains of Saccharomyces cerevisiae Instant saf and 
Thermophilic yeast (Red) were collected  from Shakarganj sugar mills distillery, Jhang and their amino acids profiling was determined 
with the help of HPLC. Our results pinpointed that yeast cream produced by Thermophilic yeast (Red) contains optimal level of 
essential amino acids. Thus, we hereby recommend that yeast cream produced by Thermophilic yeast (Red) can potentially be 
employed, as a protein source, in poultry feed. However, careful and sophisticated experimentation is required before adopting yeast 
cream as a protein substitute in poultry feed. 
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Ultimately the price and scarcity of feedstock create poor performance of poultry 
industry. It is estimated that poultry feed accounts for 65-75% of total production 
cost (Esonu, 2006). This has forced the scientist to explore alternate source of 
protein, especially economical and those one where human are not directly 
competeing for food with animals. Keeping in mind of such conditions, we 
investigated the useability of yeast cream, which is by product of distillation 
process and have no commercial and economical values  in Pakistan, as a raw 
source of protein to replace other sources on which human are directly 
dependent. To best of our knowledge, no study is available in Pakistan that focus 
on use of yeast cream as a potential source of amino acids. The study describes 
here examined  with a motive to unravel the nutritional importance of yeast 
cream in poultry industry. In this purposed study, amino acid profiling along with 
presence of lactic acid was assessed for commercial use of yeast cream in poultry 
feed. 
 
MATERIALS AND METHODS 
 
Sample collection and defatting of samples 
 
Batch samples of yeast cream from three independent fermenters were collected 
carefully from the Shakarganj Sugar Mills Distillery, Jhang, Pakistan. Yeast 
cream samples produced from commonly used yeast (Saf Instant) was named 
“S”, while yeast cream samples produced by thermophilic yeast (Red Alcohol) 
were labeled with “T”. Collected samples were dried in oven at 60o C  for 2 days. 
The samples were defatted by Soxhelt’s apparatus (Pyrex 3740-S, USA) at the 
Department of Animal Nutrition, University of Agriculture, Faisalabad. To dafat 
the samples, a known weight of dried sample was extracted with petroleum ether 
(40 to 60o C) in Soxhlet’s apparatus. The extracted material was collected in a 
petridish and oven dried at 60o C. Samples were stored and used for HPLC 
analysis.  
 
Crude protein and nitrogen estimation 
 
Crude protein and percentage of nitrogen was estimated with the help of 
Kjeldahl’s apparatus as described by A.O.A.C, 1990 at  Central Hi-Tech 
Laboratory, University of Agriculture, Faisalabad. A known weight of dried 
sample was digested in Kjeldahl flask with 30mL of concentrated sulfuric acid 
and 5g of digestion mixture (CuSO4 0.5g, FeSO4 0.5g, K2SO4 0.5g and 25mL 
H2SO4 /100mL). The contents of the flask were heated until light green or clear 
solution was obtained. The digested material was diluted in a 250mL volumetric 
flask. 10mL of diluted and digested sample solution was transferred into micro 
Kjeldahl distillation apparatus along with concentrated solution of NaOH (40%). 
Ammonia was diluted into 10mL of Boric acid (2%) solution containing a few 
drops of methyl red indicator.The distillate was titrated against N/10 sulphuric 
acid to light pink colour end point. From the volume of N/10 sulphuric acid, 
percent nitrogen was calculated by using the following formula: 
 
%Nitrogen =   Volume of N/10 sulphuric acid used x .0014 x 250   x 100 
                         Volume of diluted solution x weight of sample 
 

The percentage of crude protein was worked out by using the following formula 
% Crude Protein= % Nitrogen x 6.25 
 
Sample preparation for HPLC analysis 
 
To determine the amino acid profile through High Pressure Liquid 
chromatography (HPLC, Model 10A, Schimadzu, Japan). To hydrolyze the 
protein into amino acid 70mg of dried yeast cream was pored into test tube then 
dissolved in 5mL of 6N HCl and Nitrogen gas was passed through all the samples 
under vacuum to remove the excess HCl. Test tubes were sealed using a flame 
produced by a mixture of different gases. Samples were placed in the oven at 
110oC for a period of 22 hours. All the samples were cooled to room temperature 
and test tubes containing the samples were broken from the top. Treated samples 
of yeast cream were transferred to the China dishes, oven dried at 60o C  and 
mixed thoroughly with 3mL of 0.02N HCl. Samples were then centrifuged at 
10,000rpm for 15 minutes (min) and supernatant containing amino acids were 
separated for final HPLC analysis.  
 
HPLC analysis for amino acid estimation 
 
The concentration of amino acids were assessed in yeast cream samples through 
HPLC after modifying the method described by Skotty and co-worker (Skotty et 
al, 1996). The amino acid profiling in yeast cream samples were determined at 
temperature 30°C by using nonpolar or reversed phase C-18 Octadecyl Silicate 
(ODS) column having 15cm length, 4.6mM diameter and  particle size of 5µM. 
Solvent triflouroacetic acid (0.1%) and acetonitrile (99.9%) used as a mobile 
phase with different mixing ratio using a gradient mode of HPLC and flow rate 
maintained at 1mL/min. The amino acids were detected using spectral detector 
(SPD-10AV, Schimadzu) at a 280nm wavelength. The amino acids peaks were 
acquired using CSW32 software and were calculated on amino acid calibration 
standards. The results of different samples of yeast cream were compared with 
standards of amino acids for both quantitative and qualitative analysis (Table 1). 
Retention time and peak areas of standards were noted and calculated 
respectively. These calculations were employed for estimation of amounts of 
different amino acids present in the samples of yeast cream. A whole set of 
experiments was repeated thrice. 
 
RESULTS 
 
Optimization of amino acid standards 
 
All the aforesaid HPLC conditions were used to check the 
concentration/separation of standards amino acids and found to be satisfactory. 
Every standard was run in equal concentration (100 µg/mL) and all the 
parameters (including retention time, peak area and peak height) were 
determined. These resuts pinpointed that the first amino acid, iso-leucine, was 
eluted at 2.33 minutes while last amino acid, glutamine, was eluted at 37.50 
minutes run time (Table 1). 
 

 
Table 1 Chromatographic calculations of amino acids (standards) 

Sr.# Amino acid Concentration 
(µg/mL) 

Retention 
Time (min) 

Peak Area 
(mV.s) 

Peak Area 
(%) 

Peak 
Height 
(mV) 

Peak 
Height 

(%) 
1 Phenylalanine 100 3.10 728 95.20 103.45 95.61 
2 Tyrosine 100 4.28 342 75.50 32.29 81.10 
3 L-Arginine 100 3.35 52 7.00 2.65 24.20 
4 Iso-Leucine 100 2.33 125 12.80 6.98 37.60 
5 Serine 100 2.40 23 10.90 2.94 58.60 
6 Glutamine 100 37.50 1180 33.90 8.62 33.20 
7 Lactic Acid 100 15.21 432 30.00 7.21 31.00 
8 Methionine 100 20.12 559 21.80 13.57 26.50 
9 Histidine 100 17.48 2384 34.50 17.71 21.60 
10 Valine 100 2.57 181 76.30 25.45 30.53 
11 Threonine 100 32.12 68 85.00 30.40 16.10 

 
 
Separation of different amino acids through HPLC 
 
The current HPLC based method used for the determination of amino acid gave  
clear separation of different amino acids from the yeast cream. The sequence of 
elution of all the test amino acids from both samples were similar to standards. 
Different amino acids were determined in varying, from low to high, amount thus 
proving the sensitivity of the method.   
 
 
 

 
Amino acid profiling of S-samples 
 
The opted HPLC method not only separated the different amino acids  from S- 
samples very well (Figure 1) but also showed that different essential amino acids 
were present in yeast cream in very reasonable amount (Figure 2). Despite a 
concerted effort, serine and glutamine could not be determined in yeast cream 
produced from Saf Instant yeast (S-samples). Although, such amino acids could 
not be detected through HPLC, however, presence of these amino acids in very 
minute quantity can not be ruled out, that may be due to below the detection limit 
of HPLC. The most abundant  amino acid was iso-Leucine (36%) followed by 
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arginine (34%) and Threonine (12%). While amino acid present in low amounts 
were tyrosine (5%), methonine (2%), phenylalanine (2%) repectively (Figure 2). 

The lactic acid was also present in low amount which is 9%. 
 

 

 
Figure 1 HPLC chromatograph of yeast cream (sample S) 

 
Figure 3 HPLC chromatograph showing separation of different amino acids from yeast cream T sample 
 
 

 
Figure 2 Pie chart of Amino acid profile of yeast cream (S sample) 
 
Amino acid profiling of T-samples 
Separation of different amino acids in T samples were also achieved through this 
methods and figure 3 is showing the chromatographic separation of different 
amino acids. Interestinlgy, amino acid profile of yeast cream samples “T” 
showed that amino acids, absent in S-samples, were found to be present in T-
samples (Figure 4).  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Figure 4 Pie chart of Amino acid profile of thermophilic yeast cream (Red) 
 
Serine that could not be detected in S-samples was very high (~87%) in T-
samples. Similalry, glutamine percentage was found to be 4% in T-samples. 
Another, major exception was absence of arginine in these samples that rendered 
it good.However, other amino acid iso-Leucine (4%), tyrosine (3%), therionine 
(2%), phenylalanine (1%), methionine (0.1%) and, glutamine were present in 
very low amount. While lactic acid was found to be 1% (Figure 4). 
 
Crude protein/nitrogen estimation and defating of dried yeast samples 
Before HPLC, the yeast samples were subjected to crude protein estimation 
through Kjeldhal method. This method gave an approximate idea about the 
percentage of protein. The results showed that concentration of crude protein was 
higher in T-samples (9.42%) as compared to S-samples (7.31%). However, the 
quantity of fat was found to be almost same i.e ~8% in both yeast samples.  
 
DISCUSSION 
 
The study described here was stimulated by the increasing demand of protein (as 
feed) in poultry industry. Such increase in demand is being met from plant and 
animal sources on which human are dependent, thus, leading towards paucity of 
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resources. SCP is defined as an alternative source of protein for food and feed 
which obtained from microbes especially from yeast, bacteria and algae. SCP 
produced by the yeast has the potential to be opted because of high bioactive 
compound such as proteins, essential amino acids, vitamins, polysaccharides, 
lipids, organic acids, phospholipids, polyamines, astaxanthines, β-carotene, 
trehalose, glutathione, superoxide dismutase, chitinase, amylase and phytase 
(Hotmaida, 2013). High level of SCP have been achieved through yeast at 
National research council (NRC) USA and overall crude protein levels were 
found to be 23, 20, and 18% for starter, grower and finisher phases respectively 
(National Research Council, 1994). Although, various independent studies have 
evaluated the SCP ingredients produced by yeast but no such studies have looked 
at its potential use in poultry industry. 
Methionine is considered as an important limiting amino acids in broiler diets 
which play important role in growth as well as for humoral and cellular immunity 
of chickens which infected with Newcastle virus (Tsiagbe, 1987). Gbmegia et 

al.,(2012) showed that 0.34% methonine and 0.75% play an important for the 
growth of birds.Amino acid profiling of collected yeast cream showed the 
presence of methionine in both samples, however, relatively abundance of 
methionine is high (2%) in S-samples (Fig. 1) while, the percentage of 
methionine was 1% in T-samples (Fig. 2) (Gbmegia,2012). These findings 
showed that thermophilic yeast cream have optimum quantity as afeedstock for 
growing birds. 
The percentage value of arginine was quite high in S-samples (34%, Fig. 1), even 
quite higher than recommended quantity (1-1.44%) of arginine in poultry diet 
(Lewis, 1963), while arginine could not be detected in samples-T. The arginine 
has previously been shown to be essential for improving egg production, egg 
weight as well as improving meat quality by modulating lipid metabolism, which 
in turn reduces the body fat accumulation and increases the antioxidant defense, 
furthermore, L-arginine has the ability to alleviate stress, normalise growth 
performance, reduces mortality under low ambient temperatures, attenuates the 
adverse effects of heat stress and high stocking density, activates the immune 
system and enhances its responses to different common diseases in poultry farms 
(Fouad, 2012). Although, yeast cream is highly enriched with arginine, however, 
substantiate amount of arginine should be adjusted if yeast cream is opted as feed 
source.  
Threonine is  a major component of plasma γ-globulin in animals and it found to 
12% in S-samples (Fig. 1), while merely 2% threonine was found to be present in 
T-samples (Fig. 2). Threonine often appears as the third limiting amino acids, its 
dietry intake influences the components of the immune system (Li, 2007), 
although no clear report of a special need of threonine for immunity in poultry is 
present (Kidd, 2004). L-threonine is the necessary complement of L-lysine for 
which it optimizes the use by animals for body protein deposition and weight 
gain. Moreover, L-threonine plays an important role in maintenance processes 
and more particularly in digestion. Khan et al., (2006) experimentally proved 
that digestible threonine level of 0.73% helps in gaining weight, feed 
consumptionand improves breast meat yield (Khan, 2006). So, again our results 
are showing that yeast cream produced by thermophilic strain (T-samples) has 
optimum level of threonine (Fig. 2), hence can be used in poultry feed. 
Mehri et al., (2012) worked out the ideal ratios for both methionine and 
threonine to lysine, of Ross x Ross 308 male broiler chicks, from day 3 to day 16. 
Response surface methodology was employed using a central composite design. 
Body weight gain was maximized when Lysine was 1.12% and Methionine was 
0.54%, corresponding to a Methionine/Lysine ratio of 48. Similar optimum 
requirements were noted for feed conversion with Lysine at 1.13% and 
Methionine at 0.53%, corresponding to ideal ratios for Methionine/Lysine of 47. 
The S-sample showed methionine and threonine in same concentration i.e 2% 
(Fig. 1), while T-sample contain methonine 1% and threonine 2% (Fig. 2), which 
is almost similar ratio which is given by Mehri et al.,(2012).Branched-chain 
amino acid (BCAA, Valine, Isoleucine and Leucine) have been demonstrated 
vital for the development of immune organs , whereas it appears difficult to 
dissociate the specific effect of each BCAA (Li, 2007; Kidd, 2004). The lowest 
Isoleucine:Lysine ratio (0.73:1) was sufficient to ensure satisfactory performance 
of birds, corresponding to the consumption of 534mg of isoleucine and 731 mg of 
lysine/day (Heloisa, 2012). No differences were observed in the performance of 
hens over a wide range of dietary Isoleucine concentrations, but it can be inferred 
that the lower isoleucine:lysine ratio (0.73:1), can provide satisfactory 
performance of laying hens (Etienne, 2011). Current results showed that valine 
and leucine are absent in both Saf  instant and extromophile yeast samples. 
Neverthless, isoleucine is present in higher quantity in S-samples 36% 
(1.6mg/mL), while in T-samples contain desired level of isoluecine which is 
about 4% (0.4mg/mL). Previous results showed that the broiler weight gain and 
feed conversion improved when isoleucine was supplemented to the lowest 
dietary isoleucine level fed. Supplementation with equal amounts of arginine did 
not alleviate the dietary isoleucine limitation, thus validating the essentiality and 
marginality of isoleucine in practical corn-soybean meal diets when at least 2% 
of meat-and-bone meal is present in diet formulation (Corzo, 2008). The 
isoluecine level present in S-samples is 36% (Fig. 1), which is much higher than 
recommended levels while, in T-sample the level of isoleucine level is 4% which 
is near to recommended level (Fig. 2). 

Vegetable protein is not a complete source of protein for Layer’s feed. The low 
amount of protein retards the growth of birds. When the protein level exceeded 
from optimum level, it will undergo domination which converted protein into uric 
acid and removed as a fecal nitrogen and cause environmental pollution. On the 
other hand, in dominating process bird’s loses more energy as compared to other 
process of the body. It is suggested that methionine 0.34%  is optimum for 
growth of poultry (Gbmegia, 2012). Kalinowski et al., 2012 reported that the 
total methionine requirement in 0 to 3 week old broiler chicks was 0.50%, 
regardless as to whether they were slow or fast feathering strains (Kalinowski, 
2003). However, it was noted that the cysteine requirement was 0.39% for slow-
feathering males versus 0.44% of fast-feathering males. Nutri-genomics study 
revealed that tryptophan is helpful increasing immune response and for better 
health of broiler (Trevisil, 2012). High concentration of machine and intestinal 
infection can be decreased by increasing threonine in the diet (Star, 2012).Valine 
showed significant response when dietary protein is low in broiler feeds 
(Magdalena, 2013). Our results pinpointed that yeast cream produced by 
extremophile (T-samples) contains optimum quantity of threonine of 2% while, 
higher amount of threonine (12%) was present in S-sample (Fig 1 and 2). 
Teresa (2009) showed that fresh acid whey or lactic acid in the amount of 4cm3/L 
(4mL/L) in poutry feed could effectively prevent the reduction in poultry 
production by decreasing the mortality risk in chickens as compared to chickens 
fed with a poor-quality diet (Teresa, 2009). However, a negative effect on 
broilers production was observed when acidified diet (containing both whey and 
lactic acid) was given in addition to acidified drinking water, so broiler producers 
should not use lactic acid or whey as drinking liquid if the chicken are being fed 
with acidified diet (Teresa, 2009). HPLC analysis of yeast cream showed that 
both T- and S-samples contain sufficient amount of lactic acid, thus can be 
adopted as feed source for broilers (Fig. 1 and 2). The high level of serine in 
amino acid anlaysis is one of the main problem for utilization of yeast cream as a 
source of feed so, one possible way to deal this sort of problem to  add a enzyme 
serine dehdratase which deaminate the serine into pyruvate. In order to 
industrilizd and economized this process immobilized serine dehydratase is good 
option.  
 
CONCLUSION 
 
The overall study indicated that T-sample which is obtained from cream of 
Thermophilic yeast (Red) has optimum level of amino acids and lactic acid 
contents, thus it can  be opted as a potential ingredient of poultry feed. Some 
amino acids are present in larger quantity in yeast cream, for example serine, 
such amino acids should be brings to optimum level to make yeast cream an 
excellent supplement for broilers. Although, alone yeast cream could not be used 
as a feed in poultry industry but can be mixed with other feed sources, thus a 
competition can be reduced for food inbetween human and brids. However, 
careful analysis and trials should be conducted on broilers before mixing it with 
other poultry ingredients. This study is a key step for utilization of waste of yeast 
cream of distillery as a broiler feed which is not being tried yet. 
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INTRODUCTION 
 
Consumption of whole grain cereals like brown rice helps reduce risks of chronic 
diseases. One of the whole grain cereals is brown rice.  It is more nutritious than 
milled (polished) rice. Approximately 80% of the minerals and 15% of proteins 
are taken out when brown rice is milled. A significant amount (68% to 90%) of 
calcium, phosphorus, riboflavin, and thiamine are removed (Dykes and Rooney, 
2007). Brown rice is a good source of dietary fiber and antioxidant compounds 
such as phenolic acids. 
Brown rice is also economically important in the Philippines where rice self-
sufficiency and supply stability are targeted. Having 10-percentage point milling 
recovery advantage over milled rice, brown rice can greatly contribute to rice 
self-sufficiency. Additionally, energy consumption in processing of brown rice is 
50-60% lower than milled rice (Cuyno, 2003), because polishing and whitening 
steps are eliminated. Despite its nutritional and economic benefits, brown rice is 
still not widely consumed and marketed because of its susceptibility to rancidity. 
The short shelf life of brown rice (2-3 months) is attributed to the rapid reactions 
of the lipase enzyme, which are released from the breakup of the bran cells 
during the hulling process, with the lipids in the bran to produce free fatty acids. 
Hence, brown rice requires suitable storage condition and/or effective control. 
Heat treatments have been employed to inactivate lipolytic enzymes in cereals 
and cereal products, but results have been inconclusive (Rose et al., 2008). 
Vetrimani and Haridas Rao, (1990) and Haridas Rao et al., (1980) found that 
heating wheat bran at 175°C  for 40 min increased its shelf life from 20 to 90 
days and heating wheat germ at 150°C  for 25 min increased shelf life from 15 to 
180 days, respectively. On the other hand, Cuendet et al., (1954) found 
autoclave treatment not effective in increasing the shelf life of whole wheat flour, 
while Lehtinen et al., (2003) found that the complete inactivation of lipase in 
oats by extrusion resulted in greater lipid oxidation. As cited by Rose et al., 
(2008), authors from the two later studies theorized that the increase in lipid 
oxidation was a result of destruction of antioxidants during heat treatment. 
Maintaining antioxidants is therefore an important consideration in stabilization 
of cereals and cereal products. 
 

Several approaches have been utilized to stabilize brown rice against lipolytic 
hydrolysis. One approach is by inactivating lipase by heating rough rice with 
moist gas to obtain stabilized products (Van Ata et al., 1952) or by parboiling or 
precooking (McCabe, 1976). Another approach is by removing the kernel oil, 
which serves as the substrate for lipase, through organic solvent extraction 
(Kester, 1951). Finally,  by denaturation and inactivation of lipase and lipase-
producing bacteria and mold by liquid ethanol (Champange et al., 1991) and 
ethanol vapors (Champange and Hron, 1992). However, one drawback to the 
two latter techniques is the use of chemical solvents that may be harmful to 
health and the environment. 
Likewise, various methods of brown rice storage conditions have been tested to 
determine the temperature, atmosphere, and kind of packaging material that could 
improve its shelf life. Storage at low temperature, storage under modified 
atmospheres such as carbon dioxide, storage under vacuum, storage using 
polyethylene and nylon films and aluminum pouch, or the combination of 
different storage conditions and packaging materials have been reported to 
improve the shelf life of brown rice. However, these storage conditions and 
packaging materials are costly, hence, may not be suitable for commercial 
applications.  
In effort to address the shelf life problem of brown rice, this study aimed to 
determine treatment condition for dry and wet heat, and microwave treatment that 
could stabilize brown rice against lipolytic rancidity during storage, while 
retaining its antioxidants, for subsequent commercial applications. 

 
MATERIAL AND METHODS 
 
Brown rice preparation 
 
Aromatic and low amylose–gelatinization temperature type rice, Maligaya 
Special 8 (MS8), previously reported by Corpuz et al., (2010) as one of the most 
acceptable varieties for brown rice consumption, was used in this study. MS8 
rough rice sample was obtained from the Income Generation Office of the 
Philippine Rice Research Institute (PhilRice).  Rough rice sample was dehulled 
using Satake® rice dehuller (Satake Engineering, Tokyo, Japan) to obtain brown 

Widespread marketing and consumption of brown rice is limited by its short shelf life.  This study aimed to address this problem by 
establishing treatments to stabilize brown rice against rancidity, while retaining its antioxidants, for subsequent commercial applications. 
Three types of treatments, namely dry heat (DH, oven at 60°C), wet heat (WH, steam), and microwave (MW, 800 watts), with different 
exposure times were tested. Lipase activity was determined for all treatments. Samples were monitored for 0, 4 and 6 months for 
changes in free fatty acids, antioxidant activity, and total phenolics content; while 0, 2, 4 and 8 months for changes in raw and cooked 
sensory attributes.  
Treatments with longer exposure effectively inactivated lipase enzyme and consequently reduced free fatty acid release, even up to 6 
months of storage. Total phenolics content of treated and untreated samples were not significantly different after treatment, but tended to 
increase during storage. Similar trend was observed on the antioxidant activity of DH treated brown rice, except that of MW and WH 
treated sample. Initial raw and cooked sensory attributes of treated and untreated samples were comparable. A significant downshift on 
the raw (aroma, glossiness and off-odor) and cooked (aroma, off-odor and off-taste) sensory attribute scores and acceptability of both 
untreated and treated brown rice were noted beginning second month, except that of treatments with longer exposure namely DH 25min, 
MW 90sec and WH 90sec, including MW 60sec. Only treated brown rice samples with longer exposure times (DH 25min, MW 90sec 
and WH 90sec), including MW 60sec, remained acceptable by the fourth month, and even up to eight months of storage. 
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rice. Undehulled and immature grains and other impurities were removed 
manually before subjecting to different treatments. 
 
Brown rice treatment and storage 
 
One kilogram of brown rice was subjected, in duplicate, to three different types 
of treatment, as follows: dry heat (DH) for 15, 20 and 25 min using 30 x 20 x 3 
cm (length x width x thickness) 150µm screen sieve in an oven (Yamato, Japan) 
set at 60°C; microwave (MW)  treatment for 30, 60 and 90 sec using a 30 cm x 
20 cm x 10 cm (length x width x thickness) rectangular microwavable plastic 
container in an 800 Watts and 2450 MHz commercial microwave oven 
(American Heritage®) set at high setting; and steam (WH) treatment for  30, 60 
and 90 sec using 30 x 20 x 3 cm (length x width x thickness) 150µm screen sieve  
over a pot of boiling water using a household steamer. These treatments showed 
no objectionable change in overall appearance compared with untreated brown 
rice. 
Immediately after treatment, samples were placed separately in an aluminum tray 
and allowed to cool for about 30 min.  About 10 g-portion of each sample was 
obtained, pulverized using Cyclotec® sample mill (Tecator, Sweden), and 
analyzed for moisture content using Method 44-19 (AACC International, 2000). 
After 24 hours of equilibration, each sample were placed in a separate 
polyethylene plastic bag and stored together in a metal box at room temperature 
and ambient humidity. Another 10 g-portion of each sample was obtained, 
pulverized, and analyzed for lipase activity and moisture content prior to storage. 
An untreated brown rice was used as control. Moisture content of the brown rice 
samples immediately after treatment (after 30 min of cooling) progressively 
decrease ranging from 10.75% to 11.81%, but not on WH treated sample except 
that of WH 30 sec. While moisture content after 24hr of equilibration at room 
temperature ranged from 11.35% to 11.91%, which are acceptable levels for 
storage (data not shown). Temperature and relative humidity during storage 
ranged from 28-31°C and 42-64%, respectively. 
Different exposure times were tested to determine optimum treatment condition 
for each type of treatment that would effectively reduce lipase activity to 
consequently stabilize brown rice from rancidity during storage. Mild treatments 
were employed to maintain important antioxidant compounds such as phenolic 
acids and to retain physically indistinguishable from the untreated brown rice. 
Preliminary trials conducted by DH treatment at temperature of 65°C and above 
for 15-20 min using oven (Yamato DN-83, Japan) resulted in fissuring and 
discoloration of the brown rice grains (data not shown). Thus, oven temperature 
at 60°C was employed to inactivate lipase enzymes and different DH treatments 
were at varied times (0 to 25 min). Rothe, (1967) as cited by Juliano, (1985) 
reported that the inactivation temperature for lipase enzyme in rice bran at 14% 
moisture was 55 oC, hence 60°C oven treatment may be sufficient for lipase 
inactivation. For WH treatment, exposure for 100 sec and above under steam 
resulted in discoloration, while microwave treatment for 100 sec and above 
caused popping of some of the brown rice grains. 
 
Chemical analysis 
 
The effect of different treatments in lipase activity of the brown rice samples was 
determined. Changes in free fatty acids level, total phenolics content, and 
antioxidant activity were monitored for 0, 2, 4 and 6 months of storage at room 
temperature and ambient humidity using prescribed procedures. All chemical 
analyses were done in duplicate. 
 
Lipase activity 
 
Lipase activity was measured using the copper soap assay according to the 
procedure of Rose and Pike, (2006). About 3 g of each ground sample was 
partially defatted with hexane (1:10 wt/vol) for 30 min on a mechanical shaker. 
Residual hexane was allowed to evaporate at room temperature (about 10 min), 
and 1 g of the ground, partially defatted sample was weighed into separate tubes 
(blank and sample). Olive oil (0.8 mL) and distilled water (0.15 mL) was added 
on both tubes and were mixed vigorously. The test tube with the blank was 
immediately extracted using a stepwise procedure. Five mililiters of hexane were 
added, mixed using vortex, and then centrifuged at 2000 rpm for 3 min using 
benchtop centrifuge (Clay and Adams, NJ). The hexane was decanted into 
centrifuge tube and the extraction was repeated twice. The hexane extracts were 
pooled, and evaporated using a water bath at 40ºC, and the residue was 
redissolved in 4 mL of isooctane. The test tube with the sample was capped and 
incubated for 4 hr at 40ºC. After incubation, the test tube with the sample was 
extracted using hexane as described in the blank. One mililiter of 5% (wt/vol.) 
cupric acetate (adjusted to pH 6.1 with pyridine) was added and then shaken 
vigorously for 1 min. Afterwards the tubes were centrifuged at 2000 rpm for 1 
min and the absorbance was read at 715 nm using UV-Vis spectrophotometer 
(Hitachi U-3200, Japan). The absorbance of the sample was compared with the 
absorbance of oleic acid standard solutions prepared in isooctane (1-10 mM). 
Lipase activity was expressed as units per gram (U g-1), where 1 U is defined as 
the micromoles of fatty acid liberated per hour. 

𝐿𝐴 = 1000 ∗  
(4 + 𝑉) ∗ (𝐴𝑓 − 𝐴𝑖)

𝑠𝑡𝑙𝑠
 

 
Where1000 = conversion factor from mol. L-1 to µequiv mL-1, 4 = volume of 
isooctane used to redissolve lipids (mL), V = volume of olive oil added (mL), 
Af= absorbance of sample after incubation at 715 nm, Ai = absorbance of blank 
after incubation at 715 nm, ε = molar absorptivity of oleic acid at 517 nm (M-1 
cm-1), t = incubation time (h), l = path length (1cm for a standard cuvette), s = 
mass of sample (g). 
 

Free fatty acids 
 
Lipid degradation during storage as free fatty acids was quantified using the rapid 
colorimetric method of Kwon and Rhee, (1986). One gram of ground brown rice 
sample was weighed into test tube and the lipids were immediately extracted 
similar with the procedure by Rose and Pike, (2006). One ml of 5% (wt/vol.) 
cupric acetate (adjusted to pH 6.1 with pyridine) was added to the extract and 
then shaken vigorously for 1 min. Afterwards the tubes were centrifuged at 2000 
rpm for 1 min and the absorbance was read at 715 nm using UV-Vis 
spectrophotometer (Hitachi U-3200, Japan). The sample absorbance was 
compared with the absorbance of oleic acid standard solutions prepared in 
isooctane (1-10 mM).  
 
Antioxidant activity (DPPH radical scavenging) 
 
Free radical scavenging capacity of the samples was estimated using 2, 2’-
dipheny-1-picrylhydrazyl (DPPH) radical according to the procedure of Iqbal et 

al., (2005). One gram ground sample was weighed into 15-mL centrifuge tube. 
Ten mililiters of methanol was then added, shaken for 12 hours, and centrifuged 
at 2000 rpm for 15 minutes. The supernatant was collected, diluted up to 25 mL 
with distilled water, and stored at 4°C, until analysis. 
 
An aliquot of the sample extract (3 mL) was added to freshly prepared 0.10 mM 
solution of DPPH (30 mL) and allowed to stand for 90 min. The absorbance of 
the DPPH-sample extract mixture was then measured at 517 nm using UV-Vis 
spectrophotometer (Hitachi U3200, Japan). The DPPH radical scavenging 
activity was calculated as follows: 
 

% DPPH radical scavenging activity =   (Ab – As)  x 100 
Ab 

Where:  As = absorbance of the sample and Ab = absorbance of the blank. 
 
Total phenolics content 
 
The total concentration of phenolic acids (soluble and bound) was determined as 
gallic acid equivalents (GAE) using the Folin-Ciocalteau procedure as cited by 
Adom and Liu,  (2002).  
Extraction of soluble phenolics. Ten mililiters of 80% (vol/vol) ethanol was 
added to 1.0 g of ground sample. The mixture was shaken for 15 min, centrifuged 
at 2000 rpm for 15 min, and the supernatant was collected. The residue was re-
extracted with 80% ethanol twice. The supernatants were combined and the 
residues were set aside for bound phenolics extraction. The pooled supernatants 
were oven-dried at 30ºC. After drying, the residue was re-dissolved up to 25.0 
mL with distilled water and then store at 4°C, until analysis. 
Extraction of bound phenolics. For bound phenolics extraction, the residue was 
digested for one hour with 25 ml of 2.0 N NaOH with constant shaking using a 
mechanical shaker. The mixture was then neutralized with an appropriate amount 
of 6 M HCl and was defatted twice with hexane. The final solution was extracted 
five times with 30 mL ethyl acetate. The ethyl acetate portion was collected and 
oven-dried at 30°C. The residue was re-dissolved up to 25.0 ml with distilled 
water and then stored at 4ºC, until analysis. 
Determination of total phenolics content.  Five hundred microliters (500µL) of 
each extract (soluble and bound) was added with 2.5 mL of Folin-Ciocalteau’s 
phenol reagent (1/10 dilution). It was allowed to stand temperature for 15 min at 
room and then 2.0 mL of 7.5% sodium carbonate was added. After 1 hour of 
color development, the absorbance of the mixture was measured at 765 nm 
against a blank and gallic acid standards (0-100 µg mL-1). Phenolics content was 
calculated based on the standard and values were expressed in gallic acid 
equivalents per gram sample (GAE g-1). 
 

Phenolics acid content (GAE g-1) =                  A x 25                  , 
     Wt. of samples (g) x MWGA 

 
Where A= µg g-1 gallic acid based on calibration curve and MWGA= gram 
equivalents of gallic acid (170.2 g eq-1). Total phenolics acid content was then 
calculated by adding the contents of soluble and bound forms. 
 
Sensory evaluation 
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Sensory evaluation was conducted at the Sensory Laboratory of the Rice 
Chemistry and Food Science Division, PhilRice, Science City of Muñoz, Nueva 
Ecija, Philippines. Raw (aroma, off-odor, color, gloss, and translucency) and 
cooked (aroma, off-odor, gloss, cohesiveness, tenderness, off-taste, and taste) 
sensory attributes and acceptability were evaluated for 0, 2, 4, and 8 months of 
storage by trained internal panels.  Attribute intensities and general acceptability 
were rated using 15-cm unstructured scaled score cards. The scales were 
anchored at each end: the left side of the scale corresponded to the lowest 
intensity (0 cm) and the right side to the highest intensity (value 15 cm) of the 
sensory attribute. 
Cooked brown rice was prepared by addition of water to brown rice (1:2 brown 
rice to water), washing the brown rice for two times by swirling and replacing 
same amount of decanted water with fresh tap water, soaking the brown rice with 
water for 25 min, and cooking using 2-cup capacity electric rice cooker 
(National, Japan) until the audible switches turned off. Raw and cooked brown 
rice samples were presented to the sensory panels in a blind and randomized 3-
digit coded manner for evaluation. None of the staff involved in the study 
participated as panellist. 
 
Statistical analysis 
 
Analysis of variance (ANOVA) was conducted to detect differences between 
treatments at p<0.05 level. When a significant treatment differences was 
observed, treatment means were separated using Tukey’s honesty significant 
difference (HSD) test. Statistical analyses of physicochemical and sensory 
evaluation data were performed using SAS ver. 9.1 for Windows (New York, 
USA) and STATA ver. 12.1(Texas, USA) software, respectively. 
 
RESULTS AND DISCUSSION 
 
Effects of different treatments on brown rice 
 
Effects in lipase activity and free fatty acids content 

 
Inactivation of lipase enzyme, which catalyzes the hydrolysis of lipids (oil) to 
produce oxidizable fatty acids that are further converted into carbonyl 
compounds contributing off-odor and off-taste, is primarily considered in 
prolonging the shelf life of brown rice. All treated brown rice had significantly 
lower lipase activity compared with untreated sample (Table 1). Increasing 
exposure time progressively decrease lipase activity of the brown rice, except that 
of MW treatment where MW 60sec treatment had lower lipase activity than MW 
90sec, but were not statistically significant. Most brown rice samples within each 
treatment type had comparable lipase activity, except that of DH treatment. For 
each type of treatment, lowest lipase activity was noted in DH 25 min at 0.29 U 
g-1, MW 60 sec at 0.31 U g-1, and WH 90 sec at 0.31 U g-1. 
 
Table 1 Lipase activity and free fatty acid content of brown rice samples at 
different treatments 

Sample Lipase Activity 
(U g-1) 

Free Fatty Acid Content 
(mmole g-1) 

Control 0.45e 2.57g 
DH  10min 0.36d 2.44f 
DH  15min 0.34cd 2.36e 
DH  25min 0.29a 2.33e 
MW 30sec 0.33bcd 2.24cd 
MW 60 sec 0.31ab 2.18ab 
MW 90 sec 0.33bc 2.17ab 
WH 30sec 0.34bcd 2.27d 
WH 60sec 0.32abc 2.13a 
WH 90 sec 0.31ab 2.20bc 
Means within a column with same letters are not significantly different (α=0.05) 
 
All treated brown rice samples had significantly lower free fatty acids content 
than untreated sample. Increasing treatment exposure of brown rice decreases its 
lipase activity and consequently reduces its free fatty acids level. MW and WH 
treated samples have significantly lower free fatty acids content even compared 
with DH treated brown rice. Free fatty acids level of MW and WH treated brown 
rice ranged from 2.17-2.24 mmole g-1and 2.13-2.27 mmole g-1, respectively; 
while DH treated brown rice ranged from 2.33-2.44 mmole g-1. This indicates 
that MW and WH treatments are more effective in inactivating lipase enzymes 
than DH treatment. This is likely because proteins such as enzymes are more 
stable against denaturation in a dry environment compared with a wet 
environment (Damodara, 1996). Likewise, Krugger and Reed, (1988) and 
Vertimani and Haridas Rao, (1990) as cited by Rose et al., (2008) reported 
difficulty of decreasing lipase activity of wheat flour using dry heat treatment 
than wet heat and microwave treatments.  
 

The consistent significant decrease in lipase activity and free fatty acids level of 
treated compared with untreated brown rice (control) confirmed the effectiveness 
of heat and microwave treatments in inactivating lipase enzymes. Several 
researchers have utilized heat and microwave treatments to stabilize cereals and 
cereal products, but limited studies have been conducted for its direct application 
for brown rice stabilization. Most of the studies on brown rice shelf life 
improvement or stabilization focused on the use of different storage temperature 
and packaging materials (Sharp and Timme, 1986), storage under modified 
atmospheres (Ory et al., 1980; Santroprete, 1980), treatment by ethanol vapors 
(Champange and Hron, 1992), and utilization of an antioxidant or chelator 
(Champange and Hron, 1993; Champange and Grimm, 1995).  
 
Effects in total phenolic content and antioxidant activity 

 
Mild treatments employed on brown rice samples aimed to maintain inherent 
antioxidant compounds such as phenolic acids present that could help inhibit 
reactive oxygen species (peroxides) that causes rancidity. The presence of these 
indigenous antioxidants in cereals such as brown rice has a marked effect on the 
onset of non-enzymatic oxidation due to their capability to quench these reactive 
molecular species into non-reactive form (Lehtinen and Laakso, 2004). This 
could eventually help improve the storability or shelf life of brown rice. Total 
phenolic content of all treated brown rice samples did not vary significantly upon 
treatment (Table 2). Likewise, no significant change was observed on the 
antioxidant activity of DH treated brown rice compared with untreated sample, 
except that of MW and WH treated sample. This coincides with the findings of 
Rose, et al., (2008) on the effect of dry heat treatment on the antioxidant activity 
of wheat flour. On the other hand, contrary to the findings of Rose, et al., (2008), 
a significant increase in antioxidant activity was noted on MW and WH treated 
samples. The increase in antioxidant activity on MW and WH treated samples 
may be attributed to the slight (not significant) increase in total phenolics content 
in the sample from 2.86 GAE g-1 (untreated) to up to 3.41 GAE g-1 (WH 60sec), 
previously noted. Conversely, DH treated brown rice also increase (not 
significant, p>0.0) in total phenolic content, but antioxidant activity did not 
change. Hence, the increase might be attributed to the type of treatment employed 
on the brown rice. Oufnac et al., (2006) as cited by Dar and Sharma, (2011) 
reported that with rise in extraction temperature more phenolic compounds are 
released. Likewise, according to Afoakwah et al., (2012), microwave radiation 
causes disruption of hydrogen bonds which enhance penetration of the solvent 
into the matrix, allowing dissolution of the components to be extracted. Although 
exposure of brown rice to MW or WH treatments were not during the extraction 
process of antioxidants but were employed prior to the analysis, microwave 
radiation or steam treatments might have caused hydrolysis of other antioxidant 
compounds present in the sample resulting in the increase of their extractability, 
thus, higher antioxidant activity by DPPH radical scavenging analysis.  
 
Table 2 Total phenolics content and antioxidant activity of brown rice samples at 
different treatments 

Sample Total  Phenolics Content 
(Gallic Acid Equivalent g-1) 

Antioxidant Activity 
(%DPPH Inhibition) 

Control 2.86a 40.45a 
DH  10 min 3.11a 41.66a 
DH  15 min 3.11a 40.55a 
DH  25 min 3.08a 40.77a 
MW 30sec 3.05a 54.45c 
MW 60 sec 3.24a 54.65c 
MW 90 sec 2.90a 51.67bc 
WH 30sec 3.08a 51.21bc 
WH 60sec 3.41a 51.63bc 
WH 90 sec 3.39a 49.62b 

Means within a column with same letters are not significantly different (α=0.05) 
 
Effects in raw and cooked sensory attributes  
 
Evaluation by panels perceived no significant change in all raw and cooked 
sensory attribute scores between treated brown rice and untreated sample (Table 
3 and Table 4). However, for each type of treatment, slight increase (not 
significant) in raw aroma on DH and WH treated samples was perceived by 
panellists attributed to the release of some aromatic compounds such as 2-acetly-
1-pyrroline from the grains caused by heat treatment. On the other hand, raw 
aroma of MW treated samples was perceived similar with the untreated raw 
brown rice.  Similarly with raw aroma attribute, an increase (not significant) in 
raw glossiness scores on DH and WH treated samples, while a decrease (not 
significant) on MW treated brown rice were observed. General acceptability 
scores of raw and cooked samples ranged from 8.5 to 10.7 and 7.8 to 9.9, 
respectively. Raw brown rice (untreated and treated) was perceived no off-odor, 
moderately intense in color, translucent, slightly glossy, and satisfactory general 
acceptability (liked moderately). For cooked brown rice sample (untreated and 
treated), assessment by the panelists revealed slight (faint) aroma; no off-odor; 
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moderate glossy, cohesive, and tender; slightly tasty and no off-taste and; very 
satisfactory general acceptability (liked). 

 

 
Table 3 Sensory attribute of raw brown rice samples at different treatments 

Sample 
Raw Sensory Attribute, Mean Score 

Aroma1 Off-Odor2 Color (brown)3 Gloss4 Translucency5 General Acceptability6 
Control 1.2a 0.0a 6.5a 3.6abc 12.8a 9.3a 

DH  10 min 1.7a 0.0a 4.9a 4.9abc 12.3a 9.0a 

DH  15 min 1.8a 0.0a 4.8a 5.2bc 12.8a 10.0a 

DH  25 min 1.9a 0.0a 5.8a 4.9abc 12.4a 8.5a 

MW 30sec 1.0a 0.3a 5.8a 3.8abc 12.4a 10.0a 

MW 60 sec 1.0a 0.5a 5.2a 2.8a 12.0a 9.2a 

MW 90 sec 1.3a 0.2a 6.2a 2.9ab 12.2a 9.8a 

WH 30sec 1.3a 0.5a 6.4a 3.9abc 12.9a 10.7a 

WH 60sec 2.8a 0.0a 5.4a 5.6c 11.9a 9.6a 

WH 90 sec 2.5a 0.0a 4.7a 5.0abc 12.1a 8.8a 
Means within a column with same letters are not significantly different (α=0.05) 
1 0= none; 3.75= slightly aromatic; 7.5= moderately aromatic; 11.25= aromatic; 15= very aromatic 
2 0= none; 3.75= slightly perceptible; 7.5= moderately perceptible; 11.25= perceptible; 15= very perceptible 
3 0= weak; 3.75= slightly intense; 7.5= moderately intense; 11.25= intense; 15= very intense 
4 0= dull; 3.75= slightly glossy; 7.5= moderately glossy; 11.25= glossy; 15= very glossy 
5 0= opaque; 3.75= slightly chalky; 7.5= chalky; 11.25= white belly; 15= translucent 
6 0= dislike extremely; 3.75= like slightly; 7.5= like moderately; 11.25= like; 15= like extremely 

  
Table 4 Sensory attribute of cooked brown rice samples at different treatments 

Sample 
Cooked Sensory Attribute, Mean Score 

Aroma1 Off-odor2 Gloss3 Cohesiveness4 Tenderness5 Taste6 Off-taste7 General Acceptability8 
Control 4.7a 0.0a 7.0ab 6.8a 5.7a 3.7a 0.3a 9.8a 

DH  10 min 3.6a 0.2a 6.8ab 6.5a 6.1a 2.7a 0.0a 8.0a 

DH  15 min 3.2a 0.0a 6.6ab 6.8a 5.5a 2.9a 0.0a 8.9a 

DH  25 min 3.6a 0.0a 7.8ab 9.0a 7.7a 3.0a 0.0a 9.5a 

MW 30sec 4.5a 0.0a 8.5ab 8.1a 7.9a 3.6a 0.2a 9.9a 

MW 60 sec 3.4a 0.0a 6.1a 8.4a 6.1a 3.4a 0.2a 8.2a 

MW 90 sec 3.5a 0.0a 7.5ab 7.4a 4.9a 3.3a 0.0a 8.0a 

WH 30sec 3.6a 0.0a 7.5ab 7.8a 5.0a 2.9a 0.6a 7.8a 

WH 60sec 4.0a 0.0a 8.3ab 7.1a 6.6a 2.9a 0.0a 8.3a 
WH 90 sec 5.6a 0.0a 9.3b 8.1a 6.4a 3.1a 0.3a 9.1a 

Means within a row with same letters are not significantly different (α=0.05) 
1 0= none; 3.75= slightly aromatic; 7.5= moderately aromatic; 11.25= aromatic; 15= very aromatic 
2 0= none; 3.75= slightly perceptible; 7.5= moderately perceptible; 11.25= perceptible; 15= very perceptible 
3 0= dull; 3.75= slightly glossy; 7.5= moderately glossy; 11.25= glossy; 15= very glossy 
4 0= separated; 3.75= slightly cohesive; 7.5= moderately cohesive; 11.25= cohesive; 15= very cohesive 
5 0= hard; 3.75= slightly tender; 7.5= moderately tender; 11.25= tender; 15= very tender 
6 0= bland; 3.75= slightly tasty; 7.5= moderately tasty; 11.25= tasty; 15= very tasty 
7 0= none; 3.75= slightly perceptible; 7.5= moderately perceptible; 11.25= perceptible; 15= very perceptible 
8 0= dislike extremely; 3.75= like slightly; 7.5= like moderately; 11.25= like; 15= like extremely 

 
Changes on physicochemical properties and sensory attributes during 
storage 
 
Changes in free fatty acids content 
 
Changes in free fatty acids content of the samples for up to six months of storage 
is presented in Figure 2. A steady significant increase in free fatty acids level of 
each treated and untreated brown rice samples was noted during storage, but 
increase was significantly lower in treated brown rice. Ory et al., (1980) reported 
that free fatty acids level of stored brown rice steadily increased throughout the 
storage period. A considerable abrupt increase in free fatty acids level occurring 
from two to four months was observed similar with the findings by 
Ramenzanzadeh et al., (1999) on rice bran. Throughout the storage period, all 
treated brown rice samples have significantly lower free fatty acid content 
compared with the untreated brown rice consistent with the lipase activity from 
the initial analysis (month 0). Lower free fatty acids generation of the samples 
could be attributed to the reduction of lipase activity caused by different 
treatments. Effectiveness of lipase inactivation through dry and wet (steam) heat 
and microwave treatment to subsequently stabilize brown rice against lipolytic 
rancidity was evident. Hence, this could indicate improvement in storability or 
shelf life of brown rice samples through these treatments. Treatments with longer 
exposure times, namely DH 25min, MW 90sec, and WH 90sec were noted to 
have significantly lowest free fatty acids level after six months of storage.  

 

 
Figure 1 Free fatty acid content of brown rice samples at different treatments 
during storage 
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Changes in total phenolics content and antioxidant activity 

 
Changes in total phenolics content was monitored only on samples with longer 
exposure times namely DH 25min, MW 90sec and WH 90sec since findings on 
the first month (Month 0) revealed no significant effect of different treatments on 
the total phenolics content of the brown rice sample. Statistical analysis showed a 
significant increase in total phenolics content on both treated and untreated 
brown rice sample from 0 to 2 months, and started to plateau after 2 months of 

storage (Table 5). Total phenolics content of the samples during 0 month ranged 
from 2.86 to 3.39 GAE g-1; while starting from 2 months up to 6 months of 
storage, total phenolics content ranged from 4.14 to 5.52 GAE g-1.This trend on 
the increase in total phenolics content during storage is similar to the findings of 
Tsugita et al., (1983) as cited by Juliano, (1985) in rice grain. Tsugita et al., 
(1983) proposed that bound phenolic acids are released by enzymatic and non-
enzymatic reaction during storage to form free phenolic acids.  
 

 
Table 5 Total phenolics content of brown rice samples at different treatments during storage 

Treatment 
Total Phenolics Content (Gallic Acid Equivalent g-1)* 

Month 0 Month 2 Month 4 Month 6 

Control 2.86a (a) 4.14a (b) 4.20a (b) 5.52a (c) 
DH  25 min 3.08a (a) 4.23a (b) 4.70a (bc) 5.15a (c) 
MW 90 sec 2.90a (a) 4.31a (b) 4.60a (b) 5.11a (b) 
WH 90 sec 3.39a (a) 5.72b (b) 4.58a (ab) 5.49a (b) 
Means within a column with same inscriptions are not significantly different (α=0.05) 
*Letters inside parenthesis indicate comparison within a row 

 
Similar with the observation on total phenolics content, antioxidant activity of the 
brown rice samples also increase during storage (Table 6). The increase in DHHP 
radical scavenging activity may be attributed to the observed increase in total 
phenolics content of the samples, hence phenolics acids are known to exhibit 
antioxidative property. A consistent significant increase in antioxidant activity 
was noted on untreated and DH treated brown rice samples, except that of DH 
25min. During the initial months (month 0 to month 2), antioxidant activity of the 
untreated and DH treated samples (40.45 to 53.47%) were relatively lower than 
that of MW and WH treated brown rice (49.62 to 62.12%). After 2 months of  

 
storage, antioxidant activity of untreated and DH treated brown rice abruptly 
increase having its peak at month 6. Treatments with shorter exposure time (DH 
10min, DH 15min and WH 30sec) had comparable antioxidant activity with the 
untreated brown rice, except that of MW treated brown rice after 6 months of 
storage. For MW and WH treated samples, a significant increase in antioxidant 
activity was observed from 0 to 2 months of storage and started to plateau up to 4 
months, except that of MW 30sec; but decrease at 6 months of storage, except 
that of WH 60sec.  
 

 
Table 6 Antioxidant activity of brown rice samples at different treatments during storage 

Treatment 
Antioxidant Activity (%DPPH Inhibition)* 

Month 0 Month 2 Month 4 Month 6 

Control 40.45a (a) 53.47b (b) 70.19cd (c) 76.22d (d) 
DH  10 min 41.66a (a) 52.12ab (b) 66.89abc (c) 73.15cd (d) 
DH  15 min 40.55a (a) 49.46a (b) 63.58a (c) 72.15bcd (d) 
DH  25 min 40.77a (a) 52.30ab (b) 64.72ab (c) 63.49a (c) 
MW 30sec 54.45c (a) 61.49c (b) 69.71cd (c) 67.92abc (c) 
MW 60 sec 54.65c (a) 62.12c (ab) 67.31abc (b) 64.43ab (b) 
MW 90 sec 51.67bc (a) 61.68c (b) 65.07ab (b) 63.19a (b) 
WH 30sec 51.21bc (a) 55.15b (a) 65.61ab (b) 69.51abcd (b) 
WH 60sec 51.63bc (a) 61.96c (b) 71.30d (c) - 
WH 90 sec 49.62b (a) 61.87c (b) 69.23cd (c) 65.85abc (bc) 
*Means within a column with same inscriptions are not significantly different (α=0.05). Letters inside parenthesis indicate comparison within a row. 
Note: -, no data (sample deteriorated) 

 
Changes in raw and cooked sensory attributes 
 
Raw and cooked sensory attributes were monitored to assess and compare the 
quality changes and storability of treated and untreated brown rice samples 
during storage in addition to monitoring of their physicochemical changes. 
Sensory evaluation of raw brown rice samples showed a significant decrease in 
mean scores on aroma and glossiness; while a significant increase in off-odor in 
both untreated and treated raw brown rice sample during storage (Table 7). 
Progressive decrease in aroma scores was consistently comparable for each 
sample throughout the storage period; similar with glossiness scores, except that 
of DH 25min, MW 60sec, MW 90sec and WH 30 sec. For raw off-odor attribute, 
a significant increase was perceived on the samples during the second month with 
the untreated brown rice as the most off-odored sample; but not on DH 10min, 
DH 25min, MW 60sec and MW 90sec. By the fourth month, a significantly 
strong and moderate perceptible off-odor were noticed on untreated sample (10.2  

 
score) and DH treated brown rice (5.8 to 5.9 score), respectively, except that of 
DH 25min; signifying deterioration. These deteriorated samples were then not 
subjected to the succeeding session of sensory evaluation. MW and WH treated 
brown rice, including DH 25min treated sample, had significantly lower off-odor 
scores compared with untreated sample indicative of improvement in storage 
stability. General acceptability scores of the samples significantly decrease 
beginning second month of storage, except that of treatments with longer 
exposure namely DH 25min, MW 90sec and WH 90sec, including MW 60sec. 
By the fourth month, only treated brown rice sample with longer exposure times 
(DH 25min, MW 90sec and WH 90sec), including MW 60sec, remained 
acceptable (liked moderately) even up to eight months of storage. This 
demonstrates that these treated brown rice had superior storability over the 
untreated sample. 
 
 

 
Table 7 Sensory attribute of raw brown rice samples at different treatments during storage 
Sensory 
Attributes 

Sample, Mean Score 
Control DH 10min DH 15min DH 25min MW 30sec MW 60sec MW 90sec WH 30sec WH 60sec WH 90sec 

Aroma1           
 Month 0 1.2a 1.7b 1.8b 1.9b 1.0a 1.0a 1.3b 1.3b 2.8b 2.5b 
 Month 2 0.5a 0.3a 0.3a 0.6a 0.7a 0.5a 0.3ab 0.3a 0.3a 0.5a 
 Month 4 0.1a 0.6ab 0.1a 0.3a 0.1a 0.6a 0.4ab 0.5ab 0.7a 0.4a 
 Month 8 - - - 0.0a - 0.0a 0.1a - - 0.1a 
Off-odor2           
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 Month 0 0.0a 0.0a 0.0a 0.0a 0.3a 0.5a 0.2a 0.5a 0.0b 0.0a 
 Month 2 3.6b 1.2a 2.0b 1.5ab 2.6b 1.6a 1.2a 3.0b 2.6a 2.1b 
 Month 4 10.2c 5.9b 5.8c 3.1bc 1.8ab 2.1a 0.8a 1.1a 1.8a 0.8ab 
 Month 8 - - - 4.2c - 4.8b 3.8b - - 4.7c 
Color3           
 Month 0 6.5a 4.9a 4.8a 5.8a 5.8a 5.2a 6.2a 6.4ab 5.4a 4.7a 
 Month 2 6.0a 5.6a 5.4ab 6.2ab 6.4a 4.9a 5.9a 6.8b 6.3a 6.3a 
 Month 4 5.4a 6.2a 6.9b 8.5b 6.4a 5.8a 4.6a 4.5a 5.3a 6.4a 
 Month 8 - - - 6.1a - 4.8a 5.6a - - 5.3a 
Glossiness4           
 Month 0 3.6b 4.9b 5.2b 4.9b 3.8b 2.8a 2.9a 3.9b 5.6b 5.0c 
 Month 2 1.5a 2.4a 1.4a 3.4ab 1.8ab 3.8a 3.2a 3.0ab 2.2a 3.2b 
 Month 4 0.2a 1.3a 1.3a 2.8a 0.9a 2.8a 3.2a 2.2a 1.5a 1.6ab 
 Month 8 - - - 2.0a - 1.8a 3.1a - - 1.5a 
Translucency5          

 Month 0 12
.8a 12.3a 12.8a 12.4a 12.4a 12.0a 12.2a 12.9a 11.9a 12.1a 

 Month 2 11
.9a 12.7a 12.3a 12.7a 12.4a 12.8a 12.2a 12.2ab 11.9a 12.0a 

 Month 4 11
.4a 12.1a 11.6a 11.9a 12.3a 12.3a 11.6a 10.4a 11.0a 10.9ab 

 Month 8 - - - 10.3a - 10.0a 10.9a - - 8.9b 
General Acceptability6         
 Month 0 9.3b 9.0b 10.0b 8.5b 10.0b 9.2a 9.8a 10.7b 9.6a 8.8a 
 Month 2 5.3a 5.8a 5.4a 6.1ab 5.6a 7.0ab 7.1a 6.0a 6.2b 6.7ab 
 Month 4 2.4a 4.0a 3.8a 5.9ab 4.4a 6.9ab 7.1a 4.8a 3.2c 6.2ab 
 Month 8 - - - 5.5a - 6.7a 7.0a - - 5.4a 
Means within a row with same letters are not significantly different (α=0.05)  
1 0= none; 3.75= slightly aromatic; 7.5= moderately aromatic; 11.25= aromatic; 15= very aromatic 
2 0= none; 3.75= slightly perceptible; 7.5= moderately perceptible; 11.25= perceptible; 15= very perceptible 
3 0= weak; 3.75= slightly intense; 7.5= moderately intense; 11.25= intense; 15= very intense 
4 0= dull; 3.75= slightly glossy; 7.5= moderately glossy; 11.25= glossy; 15= very glossy 
5 0= opaque; 3.75= slightly chalky; 7.5= chalky; 11.25= white belly; 15= translucent 
6 0= dislike extremely; 3.75= like slightly; 7.5= like moderately; 11.25= like; 15= like extremely 
Note: -, no data (sample deteriorated) 

 
On the other hand, sensory evaluation of cooked brown rice samples revealed a 
significant decrease in aroma during storage and cohesiveness at 2 months; while 
a significant increase in off-odor and off-taste both at 8 months, except that of 
untreated sample (Table 8). Previous researches attributed off-flavor (off-taste) 
and off-odor development to high levels of free fatty acids or phenolics 
compounds (Barber, 1972; Tsugita et al., 1983; Molteberg et al., 1996; Zhou 
et al., 1999; Heinio et al., 2002); hence sensory evaluation results were 
consistent with the chemical analysis. No significant change in cooked brown 
rice attribute score of each sample on glossiness, cohesiveness, tenderness, and 
taste was observed during storage. This observation is different from the reports 
of several studies that texture of aged (stored) cooked milled becomes harder 
(Moritaka et al., 1971; Villareal et al., 1976; Indudhara et al., 1978; Chrastil, 
1990), where most of the researchers utilize a machine to objectively measure  
 

 
cooked rice hardness. However, Juliano et al., (1969) observed similar taste 
panel scores for tenderness, cohesiveness and gloss for stored (6 months) milled 
rice, suggesting no appreciably change in the texture of the resulting cooked rice. 
General acceptability score of each cooked brown rice sample significantly 
decrease during storage, except that of MW 90sec. By the second month, a 
significant downshift in general acceptability scores was noted on untreated 
sample, DH 15 min and MW 30sec; and continued to significantly decrease up to 
4 months, except that of DH 25min, MW 90sec, WH 30sec and WH 60sec. After 
4 months of storage, only treated brown rice sample with longer exposure times 
(DH 25min, MW 90sec and WH 90sec), including MW 60sec, lasted and 
remained acceptable (liked moderately) even up to eight months of storage 
(Figure 2). 
  
 

Table 8 Sensory attribute of cooked brown rice samples at different treatments during storage 

Attributes 
Sample, Mean Score 

Control DH 10min DH 15min DH 25min MW 30sec MW 60sec MW 90sec WH 30sec WH 60sec WH 90sec 
Aroma1           

 Month 0 4.7a 3.6a 3.2a 3.6a 4.5a 3.4b 3.5a 3.6ab 4.0b 5.6b 

 Month 2 4.9a 4.7a 5.1b 3.7a 3.3a 2.4ab 3.6a 4.9b 2.9ab 2.6a 

 Month 4 2.1b 3.4a 1.7c 2.5ab 3.0a 2.1ab 1.3b 2.2a 1.5a 2.4a 

 Month 8 - - - 1.2b - 1.2a 1.7ab - - 1.6a 

Off-odor2           

 Month 0 0.0a 0.2a 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a 

 Month 2 0.0a 0.2a 0.0a 0.2a 0.0a 0.1a 0.0a 0.0a 0.0a 0.0a 

 Month 4 0.3a 1.0a 0.4a 0.7a 0.2a 0.8ab 1.3b 0.3a 0.3a 0.3a 

 Month 8 - - - 2.4b - 2.2b 1.1ab - - 1.7b 

Gloss3           

 Month 0 7.0b 6.8a 6.6a 7.8b 8.5b 6.1a 7.5b 7.5b 8.3a 9.3b 

 Month 2 5.4ab 6.2a 5.3a 7.8b 6.9ab 6.0a 5.3ab 4.8a 7.0a 6.3a 
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 Month 4 4.1a 5.2a 5.0a 5.2a 4.6a 4.1a 4.8a 5.7ab 4.2b 4.7a 

 Month 8 - - - 5.1a - 5.0a 5.7ab - - 4.2a 

Cohesiveness4          

 Month 0 6.8b 6.5a 6.8b 9.0b 8.1b 8.4b 7.4b 7.8b 7.1b 8.1b 

 Month 2 3.9a 5.0a 4.4a 8.1b 5.8a 5.1a 4.5a 3.8a 5.6ab 5.5a 

 Month 4 4.0a 4.9a 4.5a 4.5a 5.1a 5.5a 5.3ab 5.2a 4.4a 4.4a 

 Month 8 - - - 5.5a - 4.2a 3.4a - - 5.0a 

Tenderness5           

 Month 0 5.7a 6.1a 5.5a 7.7a 7.9a 6.1ab 4.9a 5.0a 6.6a 6.4ab 

 Month 2 6.9a 7.1a 6.4a 6.2a 7.6a 5.2a 5.3a 7.8a 5.3a 5.9a 

 Month 4 7.4a 5.8a 7.4a 7.8a 7.9a 6.8ab 6.5a 7.1a 7.0a 8.5ab 

 Month 8 - - - 8.4a - 8.4b 7.5a - - 8.8b 

Taste6           

 Month 0 3.7b 2.7a 2.9a 3.0a 3.6b 3.4a 3.3b 2.9a 2.9a 3.1a 

 Month 2 1.9a 1.9b 2.8a 3.0a 2.4ab 2.8a 3.0ab 2.8a 2.1a 2.1a 

 Month 4 1.5a 3.2ab 3.2a 2.9a 1.2a 0.5a 1.0a 3.1a 2.1a 2.5a 

 Month 8 - - - 1.4a - 2.0ab 2.1ab - - 1.8a 

Off-taste7           

 Month 0 0.3a 0.0a 0.0a 0.0a 0.2a 0.2a 0.0a 0.6a 0.0a 0.3a 

 Month 2 0.3ab 0.9b 0.2a 0.5a 0.4a 0.4a 0.0a 0.4a 0.1a 0.8a 

 Month 4 1.7b 0.2ab 0.2a 0.2a 0.0a 0.6a 0.3a 0.1a 0.4a 0.7a 

 Month 8 - - - 2.3b - 1.7b 1.8b - - 1.3a 

General Acceptability8         

 Month 0 9.8b 8.0b 8.9b 9.5b 9.9b 8.2b 8.0a 7.8a 8.3a 9.1b 

 Month 2 5.0a 6.0ab 6.2a 7.4ab 5.7a 5.7ab 6.1a 7.0a 7.4a 7.4ab 

 Month 4 4.6a 5.5a 4.9a 7.5ab 5.6a 4.7a 6.4a 6.1a 6.7a 6.3a 

 Month 8 - - - 5.4a - 5.7a 5.7a - - 6.7a 

Means within a row with same letters are not significantly different (α=0.05) 
1 0= none; 3.75= slightly aromatic; 7.5= moderately aromatic; 11.25= aromatic; 15= very aromatic 
2 0= none; 3.75= slightly perceptible; 7.5= moderately perceptible; 11.25= perceptible; 15= very perceptible 
3 0= dull; 3.75= slightly glossy; 7.5= moderately glossy; 11.25= glossy; 15= very glossy 
4 0= separated; 3.75= slightly cohesive; 7.5= moderately cohesive; 11.25= cohesive; 15= very cohesive 
5 0= hard; 3.75= slightly tender; 7.5= moderately tender; 11.25= tender; 15= very tender 
6 0= bland; 3.75= slightly tasty; 7.5= moderately tasty; 11.25= tasty; 15= very tasty 
7 0= none; 3.75= slightly perceptible; 7.5= moderately perceptible; 11.25= perceptible; 15= very perceptible 
8 0= dislike extremely; 3.75= like slightly; 7.5= like moderately; 11.25= like; 15= like extremely 
Note: -, no data (sample deteriorated) 

 
 

 
Figure 2 Eight-month old brown rice. Untreated brown rice (A) considerably 
deteriorated after 2 months of storage compared to 8-month old brown rice 
exposed to DH for 25min (B), MW for 90sec (C), WH for 90sec (D) and MW for 
60sec (E). 
 
CONCLUSION 
 
Findings from this study established heat and microwave treatment conditions 
that could effectively inactivate lipase enzyme to consequently stabilize brown 
rice against rancidity, without affecting its antioxidant activity for up to 8 months 
of storage. Improvement of brown rice storability through these optimum 
treatment conditions was demonstrated through monitoring the changes in 
chemical properties (free fatty acids, phenolics content and antioxidant activity), 
and raw and cooked sensory attributes during storage. Application of these 
technologies to pilot-scale and subsequently to commercial-scale is being 
conducted. 
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