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Abstract 
Rice noodles were prepared using dry-milled rice flours, which were treated 
by annealing and removing the water-soluble fraction to improve the quality 
of noodles without using chemical additives. The combined treatment (TC) 
with annealing and water-soluble fraction removal decreased the cooking 
losses for Goamibyeo but not for Chenmaai and Milyang260, which had soft 
kernels and contained less damaged starch than the hard kernel rice after mil-
ling. TC significantly reduced the hardness and adhesiveness of cooked 
noodles, and increased the cohesiveness according to the texture profile anal-
ysis. A sensory evaluation detected an increase in mouth feel firmness and 
elasticity of cooked TC noodles. These results indicate that annealing at room 
temperature for 3 h followed by the removal of the water-soluble fraction is 
effective for reducing the cooking losses and improving the textural properties 
of noodles made from rice flour with high starch damage. 
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1. Introduction 

The desirable qualities of noodles are generally considered to be a low loss of 
solids during cooking and cooked noodles with a good mouth feel. Compared 
with wheat noodles, the main quality problems associated with rice noodle are 
the loss of starch materials during cooking and the mushy texture of the cooked 
noodles. Rice protein cannot form a gluten network in the same way as wheat 
proteins, so starch is important for creating a matrix that binds the remaining 
flour [1]. Amylose crystallites help to create a continuous network in rice 
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noodles by linking together strongly at junction zones [2]. Therefore, long-grain 
rice cultivars with an intermediate to high amylose content (>22% amylose) and 
a high gel consistency are suitable for making rice noodles [3] [4]. 

The conventional process used to make rice noodles involves soaking the po-
lished rice for several hours, followed by grinding, and steaming the rice slurry 
to gelatinize the rice starch in the flour [1]. The uptake of water during soaking 
reduces the amount of damaged starch [5]. The damaged starch content is cor-
related with the water retention capacity, which is the primary factor that affects 
the quality of noodles [6] [7] [8] [9]. Dry-milled rice flour has a marked tenden-
cy to lose its viscosity and thicken capacity during cooking [10]. Thus, chemi-
cally modified starch and various chemical additives are used widely in the rice 
noodle industry. Alternative time-saving methods have been developed to im-
prove and simplify the noodle-making process without the use of chemical addi-
tives [11]. Rice flour can be mixed with gums and transglutaminase to improve 
the noodle-making properties and cooking quality [12]. The process used to 
produce instant rice noodles by pretreating rice flour with steam to partially ge-
latinize the starch has been patented [13]. Heat-moisture treatment of rice flour 
can also enhance the cooking and textural qualities of rice noodles [4]. Modifica-
tions based on heat-moisture treatment and annealing can facilitate the produc-
tion of acceptable quality noodles from poor quality rice flour [14]. Annealing or 
heat-moisture treatments have been used selectively to produce various qualities 
of rice noodle because of their different rheological effects on the noodle texture 
[11] [15]. The objectives of the present study were to develop a method for the 
treatment of rice flour that reduces the cooking losses and improves the textural 
properties of cooked rice noodles without chemical additives. 

2. Materials and Methods 
2.1. Materials 

Two japonica lines (Goamibyeo and Milyang260) and one indica line (Chenmaai) 
were grown under uniform field conditions at the National Institute of Crop 
Science, Korea. Goamibyeo, Milyang260 and Chenmaai are newly-developed va-
rieties for noodle making [6] [16]. The paddy dried to get the final moisture 
content of 14% (wet basis) was dehulled and polished using commercial ma-
chines (SYTH-88, Ssangyong Co. Ltd., Incheon, Korea). The polished rice was 
vacuum-packed in plastic pouches, and stored at 4˚C until further experiments. 

2.2. Determination of the Grain Hardness 

The polished rice kernels were kept in a desiccator at room temperature (20˚C ~ 
24˚C) for 24 h before analysis of dry kernel hardness, and the wet kernels were 
prepared by soaking 5 g of dry rice kernels in 10 mL of distilled water at room 
temperature for 4 h. The wet kernels were drained through a stainless steel sieve 
and tested immediately. The grain hardness was measured using a texture ana-
lyzer (TA Express, Texture Technologies Corp., Scarsdale, NY, USA) with a 20 
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kg load cell. The rice kernel was compressed using a stainless steel cylinder 
probe (5 mm diameter) until the kernel broke at a speed of 0.5 mm/s. The 
breaking force was used as the hardness of the kernel. The data were average 
measurements based on 30 random samples of each kernel. 

2.3. Preparation of the Rice Flour 

The polished rice kernels were ground with a centrifugal force mill (KCFM-48, 
Korea Medi Ltd, Daegu, Korea), passed through an 115-mesh sieve (<125 μm), 
vacuum-packed in plastic bags, and stored at 4˚C until further experiments. The 
moisture content of flour was measured using an infrared moisture analyzer 
(MB45, Ohaus Co., Switzerland) at 105˚C for 1 h.  

2.4. Determination of the Particle Size Distribution and Water  
Absorption Index (WAI) of Flour 

The flour was dispersed using isopropyl alcohol. The mean size and distribution 
of flour were determined using a laser diffraction particle size analyzer (LS13 
320, Beckman Coulter, Brea, CA, USA). The water absorption index (WAI) of 
the rice flour was determined using the AACC Approved Method 56 - 30 [17]. 
Rice flour (5 g) and water (30 mL) were vigorously mixed in a 100 ml centrifuge 
tube, incubated in a 37˚C water bath for 10 min, and then centrifuged (2000 × g, 
30 min). The weight ratio of centrifuged precipitate to the amount of flour used 
in the test was taken as the water absorption index (WAI). 

2.5. Determination of the Amylose and Damaged Starch Contents 
of Flour 

The amylose content of flour was determined using amylose/amylopectin assay 
kit procedure (Megazyme International Ltd, Wicklow, Ireland). The procedure 
was a modification of a Concanavalin-A method by Yun and Matheson [18]. 
Damaged starch content of flour was analyzed using starch damage assay kit 
procedures (Megazyme International Ltd, Wicklow, Ireland). The procedure was 
followed by AACC Approved Method 76 - 31.01 [17].  

2.6. Determination of the Water-Soluble Fraction 

Rice flour was analyzed to determine the total soluble solids, according to An-
derson et al. [19] and Aboubacar and Hamaker [20]. First, 2.5 g of flour and 30 
mL of water were mixed at 30˚C for 30 min in 50 mL plastic centrifuge tubes. 
The mixture was stirred gently every 5 min using a metal spatula to break any 
clumps of flour and the tubes were centrifuged (140 × g, 10 min). The superna-
tant was removed carefully and analyzed to determine the total water-soluble 
fraction content using the phenol-sulfate method [21]. The data were average of 
five replicates.  

2.7. Treatment of Rice Flour 

The rice flour was treated using four different following conditions. TA was 
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prepared following method. The rice flour was mixed with water to obtain 65% 
moisture content on a dry flour weight basis. The flour slurry which contained 
65% moisture, was stirred gently for 5 min and annealed for 3 h at room tem-
perature. TB was prepared with the same procedure with TA, but the annealing 
temperature was 50˚C. TC was prepared following method. One part of rice 
flour was mixed with ten parts of water, stirred gently for 5 min, annealed for 3 h 
at room temperature and centrifuged (140 × g, 10 min) to remove the wa-
ter-soluble fraction and the precipitate was used as TC. TD was prepared with 
the same treatments of TC, but the annealing temperature was 50˚C. The mois-
ture content of precipitate after centrifugation was about 66% ~ 67%. Extra for-
mula water for TA, TB, TC, and TD was not necessary to make flat rice noodle.  

2.8. Preparation of Rice Noodles 

The rice noodles were processed according to the flat noodle-making method 
described by Cham and Suwannaporn [11] and Choi et al. [22]. The control rice 
flour was mixed with water (35:65, w/w) and 50 mL of the slurry was spread 
evenly on a stainless steel plate, steamed for 90 sec until complete gelatinization, 
and cooled to room temperature. It was not necessary to add any extra water to 
the treated rice flour for TA, TB, TC or TD, because they contained absorbed 
water. The sheets were scraped and hot air-dried at 70˚C for 15 min, and the 
moisture in the sheets was equilibrated by keeping them between moistened 
cheese-cloths for 3 h in an air-tight vinyl bag. The moistened noodle sheets were 
cut into small strips (width = 3 mm), hot air-dried at 50˚C for 1 h, and subjected 
to prolonged drying in a desiccator until the moisture content of the noodle 
strips reached 10% - 12%. 

2.9. Evaluation of the Cooked Noodles 

The cooking properties and textures of the cooked noodles were determined us-
ing published methods [6]. The solid losses of noodles during cooking (cooking 
loss) were measured by evaporating the cooking water to dryness in a 100˚C 
oven and were expressed as the percentage of solids lost during cooking. The 
tensile strength of the cooked noodles was measured using a texture analyzer 
(TA Express), which was equipped with a Stable Micro Systems Kieffer dough 
and gluten extensibility rig (TA Express). The parameters recorded were Rmax 
as the maximum resistance to extension and the extensibility until rupture of the 
noodles. The texture profile analysis (TPA) of cooked noodles consisted of com-
pressing 75% strain through the noodles after their surface was detected, using a 
texture analyzer (TA express) attached to a 20 mm stainless steel cylindrical 
probe according to the method of Han et al. [6]. The data were average mea-
surements of 20 more noodles.  

2.10. Sensory Evaluation of Cooked Noodle 

The sensory test used 96 untrained and randomly selected panelists, including 
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students, faculty, and staff from Keimyung University, who evaluated six noodle 
samples. A complete randomized block design was used to organize the serving 
of the noodles to each panelist. Sensory attributes of noodles, including mouth-
feel firmness and elasticity were measured using a nine-point rating scales, i.e., 
extremely weak (9) to strong extremely (1). Six products were tested, i.e., three 
varieties each of the control rice noodles and treated rice flour (TC) that was 
annealed at room temperature where the water-soluble fractions were removed 
by centrifugation. 

2.11. Statistical Analyses 

The data were analyzed using SPSS version 20.0. Analysis of variance (ANOVA) 
was used to test the flour characteristics of different rice varieties and study the 
effect of treatments on the cooked noodle properties. Duncan’s multiple range 
test (p < 0.05) was used to perform multiple comparisons. Pearson’s correlation 
coefficient was used to analyze the correlations between the rice kernel and flour 
characteristics. Two-way ANOVA with the interactions was used to study the 
effect of rice varieties and treatment on the sensory attributes of cooked noodles.  

3. Results and Discussion 
3.1. Characteristics of the Rice Kernels and Flour 

The amylose contents of the three rice varieties were 20.8% ~ 22.9% and there 
were no significant differences among varieties, as shown in Table 1. The ker-
nels of Goamibyeo were significantly (p < 0.05) harder than those of other varie-
ties, as shown in Table 1. After soaking in water, the wet hardness did not differ 
significantly (p < 0.05) among varieties. The mean particle size distribution of 
rice flour ranged from 11.5 to 18.1 μm. The damaged starch content (18.9%), 
water-soluble solids content (2.6), and water absorption index (WAI, 1.6 
mg/mL) of Goamibyeo were significantly higher than those of the other two va-
rieties. These characteristics of Goamibyeo flour indicated that the hard kernel 
rice produced more damaged starch during dry milling. The high level of starch 
damage induced the higher level of water-soluble fraction and WAI of the flour. 
Previous studies [10] also found that the damaged starch contents and WAI of 
dry-milled flours differed significantly (p < 0.05) among varieties. The statistical 
analysis in Table 2 confirms the high correlations between the damaged starch 
content, water-soluble fraction content, and WAI. WAI was correlated very sig-
nificantly (p < 0.01) with damaged starch content (r = 0.983) and water soluble 
content (r = 0.924) of flour.  

3.2. Characteristics of the Control Cooked Rice Noodles 

The cooking losses of the control noodles were highest in Goamibyeo, which 
contained a high level of damaged starch and a high water-soluble fraction, as 
shown in Table 3. The cooking losses (9.5%) of Goamibyeo were significantly 
higher than those of the other two varieties (4.6% ~ 4.2%). Previous studies [6]  
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Table 1. Characteristics of dry-milled rice flour. 

   Rice 

   Goamibyeo Chenmaai Milyang260 

Kernel Hardness (kg) 
Dry 11.5 ± 3.3a 9.4 ± 1.5b 6.8 ± 2.0c 

Wet 1.7 ± 0.4a 2.0 ± 0.5a 1.9 ± 0.5a 

Flour 

Particle size (μm) 
Mean 11.5 18.1 13.0 

Median 9.9 11.8 10.2 

Amylose content (%) 22.9 ± 1.6a 22.3 ± 2.0a 20.8 ± 1.0a 

Damaged starch content (%) 18.9 ± 1.7a 11.2 ± 0.6c 15.4 ± 0.9b 

Water absorption index 1.6 ± 0.0a 1.3 ± 0.0c 1.4 ± 0.0b 

Water-soluble content (mg/mL) 2.6 ± 0.0a 1.3 ± 0.0c 2.4 ± 0.0b 

Dissimilar superscripts in the same row denote significant difference (p < 0.05).  
 

Table 2. Correlation coefficients (r) of the kernel and flour characteristics. 

 
Dry kernel 
hardness 

Water 
absorption index 

Water-soluble 
content 

Amylose 
content 

Water absorption index 0.317    

Water-soluble content 0.395 0.924**   

Amylose content 0.286 0.450 0.496  

Damaged starch content 0.479 0.983** 0.941** 0.561* 

Significant at **p < 0.01, *p < 0.05. 
 

[22] of rice noodle quality have shown that the damaged starch content is signif-
icantly correlated to the cooking losses, which is the primary factor considered 
during the selection of high quality rice varieties for use in rice noodle produc-
tion. Bhattacharya et al. [23] also reported that the water solubility of rice flour 
has a positive relationship with the cooking losses. Compared with wheat 
noodles, the main quality problem that affects rice noodles is the loss of solid 
materials during cooking, which produces noodles with a mushy texture [24]. 
Therefore, the loss during cooking is an important criterion when assessing the 
quality of rice noodles. 

The TPA hardness (2.1 kg) of the control cooked noodles was highest in 
Goamibyeo whereas the Rmax (50.6 kg), which indicates the elasticity of 
noodles, was lowest in Goamibyeo, as shown in Table 3. Chenmaai and Mi-
lyang260 contained low levels of damaged starch and they had the lowest cook-
ing losses, comparatively high elasticity and extensibility, and the cooked 
noodles had low hardness. The adhesiveness and cohesiveness were ranked in 
the following order: Goamibyeo < Chenmaai < Milyang260. The cohesiveness 
was closely related to the cooking losses of noodles, as shown in Table 3. Cohe-
siveness was defined as the amount of deformation that a material underwent 
before rupturing when a subject bit through the sample completely using their 
molars [25]. Thus, it measured the extent to which the noodle structure was  
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Table 3. Properties of the cooked noodle. 

Cooking loss (%) 
Tensile strength Texture profile analysis (TPA) 

Rmax (kg) Extensibility (mm) Hardness (kg) Adhesiveness (g/s) Springiness Cohesiveness 

Goamibyeo       

Control 9.5 ± 1.1aa 50.6 ± 12.4ab 8.1 ± 1.1ab 2.1 ± 0.5b 29.9 ± 7.5ab 0.96 ± 0.08 a 0.69 ± 0.05c 

TA 9.2 ± 0.1a 56.9 ± 15.0a 8.6 ± 1.2a 1.9 ± 0.4b 25.2 ± 7.9b 0.95 ± 0.02 a 0.71 ± 0.04c 

TB 10.1 ± 0.6a 55.3 ± 13.1a 8.6 ± 1.4a 2.4 ± 0.6a 32.6 ± 8.2a 0.94 ± 0.05 a 0.70 ± 0.04c 

TC 7.0 ± 0.1b 56.6 ± 26.2a 7.4 ± 2.1b 0.9 ± 0.4c 6.9 ± 4.2c 0.95 ± 0.03 a 0.82 ± 0.10b 

TD 7.3 ± 0.2b 41.3 ± 14.9b 5.2 ± 1.2c 0.6 ± 0.3c 4.2 ± 3.3c 0.99 ± 0.09 a 0.88 ± 0.06a 

Chenmaai       

Control 4.6 ± 0.2c 79.5 ± 21.3ab 12.8 ± 2.1a 1.8 ± 0.5a 31.4 ± 8.7ab 0.96 ± 0.02ab 0.75 ± 0.05b 

TA 5.4 ± 0.4b 76.7 ± 20.2ab 12.2 ± 1.9a 1.6 ± 0.3b 25.9 ± 8.4b 0.96 ± 0.05ab 0.73 ± 0.04b 

TB 5.3 ± 0.2a 91.1 ± 21.2a 13.4 ± 2.5a 1.9 ± 0.3a 34.9 ± 9.2a 0.98 ± 0.09 a 0.73 ± 0.03b 

TC 4.9 ± 0.2bc 66.4 ± 14.9b 12.0 ± 2.9a 0.6 ± 0.2c 15.1 ± 4.1c 0.96 ± 0.01 ab 0.86 ± 0.02a 

TD 4.8 ± 0.3c 47.1 ± 16.2c 10.1 ± 2.5b 0.6 ± 0.2c 18.0 ± 8.2c 0.93 ± 0.06 b 0.87 ± 0.05a 

Milyang260       

Control 4.2 ± 0.7c 61.9 ± 13.8a 11.2 ± 2.1a 1.8 ± 0.5a 35.7 ± 14.9a 0.93 ± 0.04 a 0.73 ± 0.04b 

TA 5.7 ± 0.3a 55.7 ± 12.3ab 10.2 ± 1.7a 1.3 ± 0.4b 28.8 ± 9.6a 0.93 ± 0.04 a 0.71 ± 0.05b 

TB 5.6 ± 0.1ab 61.7 ± 19.4b 11.1 ± 1.8a 1.5 ± 0.4ab 27.4 ± 10.2a 0.95 ± 0.02 a 0.72 ± 0.05b 

TC 5.1 ± 0.4 ab 59.0 ± 21.0ab 11.3 ± 3.2a 0.5 ± 0.2c 14.9 ± 8.4b 0.95 ± 0.02 a 0.87 ± 0.03a 

TD 4.8 ± 0.3bc 48.9 ± 20.7b 8.0 ± 2.3c 0.6 ± 0.2c 17.0 ± 3.5b 0.94 ± 0.02 a 0.86 ± 0.04a 

Dissimilar superscripts in the same column of each rice varieties denote significant difference (p < 0.05) between treatments. TA, annealing for 3 h at room 
temperature; TB, annealing for 3 h at 50˚C; TC, annealing for 3 h at room temperature and removal of the water-soluble fraction; TD, annealing for 3 h at 
50˚C and removal of the water-soluble fraction. 
 

disrupted during the first compression [26]. A high cohesiveness indicated a 
strong internal connection within the noodle, which reduced the cooking losses. 
Tensile testing was used to assess the elasticity and breaking strength because 
these properties show how well the sample holds together during cooking, which 
reflects the cooking tolerance and cooking quality of the noodles [23]. Overall, 
the data suggested that, Chenmaai and Milyang260 were more suitable than 
Goamibyeo during the tests of the control noodles. 

3.3. Effect of Removing the Water-Soluble Fraction of Annealed 
Flour on the Cooking Losses of Rice Noodles 

The annealing of rice flour at room temperature (TA) and 50˚C (TB) did not 
reduce the cooking losses, as shown in Table 3. Indeed, the cooking losses were 
increased after annealing with Chenmaai (5.3% ~ 5.4%) and Milyang260 (5.7% ~ 
5.6%). Cham and Suwannaporn [11] reported that the cooking and textural 
qualities of rice noodles produced using hydrothermal modification were not 
significantly different from those made with commercial rice noodle flour. They 
indicated that the annealing process only improved the crystallinity of existing 
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helices, thereby “perfecting” the starch crystallites without the formation of ad-
ditional helices. They found that heat and moisture treatment improved the 
crystallinity of starch granules to a greater extent than annealing. 

However, the cooking losses of the noodles changed significantly when the 
water-soluble fractions of the flour were removed, as shown in Table 3. The re-
moval of the water-soluble fraction by centrifugation after annealing the flour at 
room temperature (TC) and 50˚C (TD) reduced the cooking losses from 9.5% to 
7.0% - 7.3% for the Goamibyeo noodles. However, it did not reduce the cooking 
losses with Chenmaai (4.8% ~ 4.9%) and Milyang260 (4.8% ~ 5.1%), which con-
tained less damaged starch than Goamibyeo. Pre-treatment of removing the wa-
ter-soluble fraction of annealed rice flour was only effective to reduce the cook-
ing loss of high starch damaged rice noodle.  

3.4. Effect of Removing the Water-Soluble Fraction of the  
Annealed Flour on the Textural Properties of Rice Noodles 

Removing the water-soluble fraction after annealing the flour (TC and TD) had 
a much more pronounced effect than annealing alone (TA and TB) on the tex-
tural properties of all varieties of cooked noodles, as shown in Table 3. The elas-
ticity (Rmax) and extensibility were not changed greatly by TC but they were 
reduced significantly by TD. Reduced elasticity is not good for the noodle quality 
[22]. Thus, TD did not yield an appropriately cooked noodle texture. With TC, 
the Rmax of the noodles changed slightly compared with the control. Rmax de-
creased in Chenmaai (66.4 kg) and Milyang260 (59.0 kg) but increased in Goa-
mibyeo (56.6 kg).  

The TPA properties of noodles produced with TC and TD were significantly 
different from those made with the control. With TC and TD, the TPA results 
showed that there were significant decreases in the hardness and adhesiveness 
but increases in the cohesiveness. The decline in hardness may reflect the re-
duced core hardness of the cooked noodles (data not shown). The noodles 
cooked differently in their core and surface zones because of variation in the ac-
cessibility of water during boiling [27]. It is assumed that differences in the 
cooking of each zone may be attenuated by TC treatment and the decline in 
hardness may have resulted from a reduction in the volume of the uncooked 
hard core of the noodles. Therefore, the reduction in the TPA hardness indicated 
that the hard core of the noodles had softened during the cooking period and 
that the cooking losses were reduced by the TC treatment. 

An increased level of cohesiveness indicated strong internal connections, 
which reflected the cooking tolerance and contributed to the reduced cooking 
losses of noodles boiling [27]. A decrease in the adhesiveness indicated a “clean 
and smooth” noodle surface, which suggested that there was a low level of amy-
lose leaching from the treated rice flour [11]. The springiness was not affected 
significantly by the rice varieties and treatments. Ross [27] explained that sprin-
giness of TPA should be considered as an elasticity of noodles. The Rmax and 
springiness data in Table 3 suggest that the TC treatment did not affect the elas-
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tic properties of the cooked noodles. These results indicate that the removal of 
the water-soluble fraction combined with annealing at room temperature im-
proved the quality of the cooked noodles, which had low cooking losses, good 
textural properties, lower hardness and adhesiveness, and greater cohesiveness 
when produced from rice flour with highly damaged starch, such as Goamibyeo 
noodles. 

3.5. Sensory Characteristics of the Cooked Rice Noodles 

Sensory evaluations of cooked noodles were conducted to compare the control 
and TC-treated flour noodles as shown at Table 4. Two-way ANOVA revealed a 
significant effect of rice varieties (p = 0.0002) and TC treatment (p < 0.0001) on 
the mouthfeel firmness. Significant effects were also investigated from the rice 
varieties (p = 0.0023) and TC treatment (p = 0.0003) on the mouthfeel elasticity. 
There was no significant interaction between rice varieties and TC treatment on 
both mouthfeel firmness (p = 0.7172) and elasticity (p = 0.1229) as shown at Ta-
ble 4. These results indicated that the difference in the sensory test was not only 
due to TC treatment but also to rice varieties.  

The mouthfeel firmness was increased with TC-treated noodles (5.3 ~ 5.9). 
The increased mouthfeel firmness had a positive effect because softness indi-
cated a mushy texture, which is the most unfavorable textural characteristic of 
cooked rice noodles. The increased mouthfeel firmness with TC contrasted with 
the reduced TPA hardness in Table 3. Instead, the mouthfeel firmness had posi-
tively related with the TPA cohesiveness in Table 3. This result was probably  

 
Table 4. Mean sensory evaluation score of mouthfeel firmness and elasticity of cooked 
noodles prepared using different rice varieties, after treatment by removing the water soluble- 
fraction and annealing. 

Rice Treatment 
Sensory evaluation score 

Mouthfeel firmness Mouthfeel elasticity 

Goamibyeo 
Control 4.4 ± 1.7 4.0 ± 1.7 

TC 5.3 ± 1.5 4.7 ± 1.8 

Chenmaai 
Control 5.6 ± 1.7 5.2 ± 1.8 

TC 5.9 ± 1.9 5.1 ± 2.0 

Milyang260 
Control 4.4 ± 1.8 4.6 ± 2.0 

TC 5.7 ± 1.5 5.9 ± 1.6 

ANOVA* (p value) 

Rice 0.0002 0.0023 

Treatment <0.0001 0.0003 

Rice x Treatment 0.7172 0.1229 

TC, annealing for 3 h at room temperature and removal of the water-soluble fraction. *Two-way ANOVA 
was run for each sensory attribute. 
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because the TPA hardness was measured at 75% deformation in the compressive 
test whereas the sensory perception of firmness may require more than one 
physical measurement. The mouthfeel firmness reflected complex sensory feel-
ings, such as the hardness, springiness, and cohesiveness at 100% deformation 
when chewing the noodle [27].  

4. Conclusion 

A combined treatment of annealing for 3 h at room temperature and the remov-
al of the water-soluble fraction reduced the cooking losses with hard kernel rice 
flour noodles. The textural properties of all noodle varieties were improved by 
the combined treatment. The elasticity and extensibility of TC-treated noodles 
did not differ substantially, or were reduced slightly, compared with the control, 
whereas the TPA hardness and adhesiveness decreased significantly, and the co-
hesiveness increased. Reduced adhesiveness indicated a “clean and smooth” 
noodle while the increase in the cohesiveness reflected the strong internal con-
nections, which contributed to the reduced cooking losses. The reduction in the 
TPA hardness indicated that the hard core of the noodles had softened during 
the cooking period, while the cooking losses were reduced by the TC treatment. 
The sensory evaluation determined the effects of the treatment on the textural 
properties of the cooked noodles. The increased mouthfeel firmness and TPA 
cohesiveness indicated that the cooked noodle texture was improved because 
cooked rice noodles with a mushy texture are the main quality problem. 
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Abstract 
The present study aimed to examine the effects of rice particles in test foods 
and their visual appearance on oral textural perceptions. One original and 
three filtered Amazake (a traditional Japanese beverage made from malted 
rice) preparations were used as test foods. Three physical measurements of the 
test foods were conducted at room temperature: linear spread test, viscosity, 
and concentration of rice particles. Results of these three measurements 
formed two groups with lesser and more filtered test foods. Sensory evalua-
tion experiments using a paired comparison test in 32 healthy young partici-
pants revealed the following: 1) the estimates of “grittiness in the mouth” 
(mouth feel) and “grittiness at a glance” of the test foods also comprised two 
groups, similar to the results of the physical measurements, 2) estimates of 
textural “smoothness” resulted in two groups, with a half-range of two items 
of “grittiness”, and 3) estimates of “sweetness” and “odor intensity” were sim-
ilar to each other than to the other three items. Functional relationships be-
tween physical properties and characteristics of the test foods and sensory 
evaluation of their grittiness (oral, textural, and visual) of Amazake are dis-
cussed. 
 

Keywords 
Amazake, Rice Particles, Grittiness, Oral Textural Perception, Human 

 

1. Introduction 

A keystone study classified textural parameters of foods and proposed three 
main categories [1]. Of these three categories, one class encompassing geome-
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trical characteristics was associated with grittiness, smoothness, and other tex-
tural properties of food. These geometrical characteristics appear to be less un-
derstood than mechanical characteristics, which is another class including cha-
racteristics such as hardness, cohesiveness, and adhesiveness. This maybe be-
cause geometrical characteristics are more complicated and involve additional 
factors. A subsequent study modified and reconfigured textural parameters and 
proposed a texture profile [2]. One important characteristic of the profile is that 
texture profiles should include “visual appearance” of foods, because vision is a 
potent sensory system that can lead to textural and flavor expectations regarding 
food [3]. For example, a study showed that visual input affected the perceived 
oral texture of vanilla custard dessert [4]. 

Amazake is a Japanese food produced from malted rice or sake lees. Because 
both types of Amazake are nutritious and flavorsome, they are recommended to 
people of all age groups. However, the presence of rice particles owing to malted 
rice apparently renders people hesitant to consume it [5]. In general, suspended 
particles, including malted rice in Amazake, can elicit distinct oral perceptions 
including grittiness, smoothness, and roughness [6]. Artificial, uniform, and 
small (<1 mm diameter) particles are generally used in experiments for the ex-
amination of oral perceptions; however, rice particles in Amazake are natural 
products and are neither uniform nor small. 

To the best of our knowledge, few studies have examined oral perceptions us-
ing natural particle products in suspension. In the present study, we examined 
the effects of particles in Amazake test foods prepared using malted rice and 
visual observation of the test foods on oral textural perceptions. The results 
showed that the concentration of particles did not simply reflect grittiness or 
smoothness, and that visual observation strongly affected these perceptions. 

2. Materials and Methods 
2.1. Test Foods and Physical Measurements 
2.1.1. Test Foods 
A commercially available bottled Amazake (Houraiya Ltd., Niigata, Japan) was 
used as basic test food in the present study. The test food was filtered (under 
gravity) using three different sieves of pore diameters 1.5, 3.0, and 5.0 mm 
(Table 1). Four test foods, three filtered and the original non-filtered, were used 
in experiments. For convenience, these test foods were numbered #1 to #4 ac-
cording to the quantity of particles. Food #1 was filtered through the smallest 
1.5-mm diameter filter, while test food #4 was not filtered (Figure 1(a)). Figure 
1(b) depicts one of the rice particles in the test foods. Table 2 shows the average 
size of the rice particles in the four test foods. Weight of suspended particles in 
the three filtered test foods was approximately 80% (#3), 50% (#2), and 40% (#1) 
of the test reference food #4 (Table 1). These percentages describe the weight of 
suspended particles in the food. For example, in test food #3, 80% of the original 
test food comprised suspended particles, and 20% comprised the filtrate. 
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Table 1. Amazake solutions as test foods. 

Test food #1 #2 #3 #4 

Pore diameter (mm) 1.5 3.0 5.0 -a 

Weight after filtration (g) 
3.8 

(0.3) 
5.1 

(0.7) 
8.9 

(0.5) 
10.0 
(0.0) 

Values of weights are means (SD in parentheses). aThe original and non-filtered test food. See the text for 
details. 

 
Table 2. Average size of rice particles in the test foods. 

 Length Width Height 

Size (mm) 
3.3 

(0.87) 
2.3 

(0.47) 
1.6 

(0.35) 

Values of dimensions are means (SD in parentheses). 
 

 
Figure 1. Photomicroscopy of the test foods. (a) External appearance of the four test 
foods used (See the text for details of #1, #2, #3, and #4); (b) A rice particle in the test 
foods. 

 
The Brix value and pH of the test foods were 21.3% (n = 5) and 5.2 (n = 5), 

respectively. The overall intensity of odor of the four test foods was measured 
mechanically (XP-329III, New Cosmos Electric CO., LTD, Osaka, Japan). 
One-way analysis of variance (ANOVA) of the measured values revealed that 
average intensities were not statistically different among the four test foods. 

2.1.2. Physical Measurements 
Three physical measurements of the four test foods were conducted at room 
temperature (i.e., 25˚C) as reference for the results of sensory evaluation. First, 
linear spread test [7], Saraya Co., Ltd., Osaka, Japan) values were measured (n = 
5) to assess fluidity of the test foods. A stainless steel ring with an inner diameter 
of 30 mm was set at the center of concentric circles and was filled with 20 mL of 
the test sample. The ring was vertically lifted and gently removed, and the dis-
tance from the center of the sample spread was measured at six points. Consis-
tency of the sample was objectively measured as the dimensions of sample 
spread in diameter. The term “fluidity”, which is the reciprocal of dynamic vis-
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cosity [8], was used as an index of “smoothness” in the present study because 
both “viscosity” and “smoothness” were considered to be closely associated with 
each other, because they create “creaminess” in the oral cavity [9]. 

Second, the viscosity of test foods was determined using a single cylinder rota-
tional viscometer (TVB-10M, TOKI SANGYO CO., LTD, Tokyo, Japan). A 500 
mL glass beaker (inner diameter 85 mm) was filled with one of the test foods and 
placed under a measurement rotor with a diameter of 25 mm. The rotor was se-
lected for lower viscosity samples, such as the present test foods, and was verti-
cally immersed in the test food three times. Rotational speed and time were de-
termined according to the manufacturer’s instructions: 1) rotational speed of 20 
rpm was determined as the lowest speed that could avoid both over- and un-
der-scale errors due to excessive over- and under-torquing, and 2) the time point 
60 s after the start of measurements was determined as the minimum time at 
which measurement values were stabilized. Rotational viscosity was measured as 
stress applied to the rotor (measured in mPa·s). 

Finally, the concentration of rice particles was determined: 1) 7 g of each fil-
tered test food was leveled off using a spoon, 2) the sample was spread evenly on 
a paper sheet, and 3) number of clear (i.e., countable) rice particles (see Figure 
1(b)) was counted five times by visual observation to calculate the concentra-
tion. 

2.2. Sensory Evaluation Experiment 
2.2.1. Participants 
Thirty-two healthy young adults [16 males and 16 females, 20.5 ± 2.9 (mean ± 
SD) years old] participated in this study. The participants received remuneration 
and were undergraduate students of Niigata University of Health and Welfare, 
and were not trained for sensory evaluations in this study. None of the partici-
pants had any subjective problems with gustatory and olfactory functions. In-
formed consent was obtained from all participants. 

2.2.2. Procedures 
The experiment was conducted in an air-conditioned room maintained at 25˚C. 
An experimental set consisted of eight participants simultaneously, with four 
such sets in total. Participants were comfortably seated on chairs. After instruc-
tions were delivered by the experimenter, participants were invited to ask any 
questions about the experiment. During the experiment, participants were re-
quired not to talk to the others concerning any matters related to the experi-
ment. Subsequently, participants were asked to rinse their mouths with tap water 
and were instructed to repeat rinsing whenever the test foods were changed. A 
session consisted of 12 [4 × (4 − 1)] trials for each participant, with a 1-min 
break between trials. A 5-min rest period was also introduced after the first half 
of each session to prevent participant fatigue. 

A modified method of Scheffe’s paired comparison was used. Each participant 
was provided with two foods (10 mL each), which were randomly selected in 
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each trial, and they were asked to compare the perceived intensity of the latter 
with that of the former. Five items were adopted for evaluation: 1) “grittiness at 
a glance”, 2) “overall intensity of the odor”, 3) “grittiness in the mouth”, 4) 
“smoothness”, and 5) “sweetness.” The former two items were evaluated before 
ingestion and the latter three items after ingestion. The comparison of intensity 
was quantified on a seven-step graded scale (from −3 to +3). 

2.3. Statistical Analysis 

After Bartlett’s test for examining homogeneity of variances, physical measure-
ments were analyzed using one-way ANOVA for parametric variables (linear 
spread test [LST] and viscosity) and using Kruskal-Wallis test for non-parametric 
variables (the concentration of rice particles). Confidence intervals between pairs 
of test foods were estimated to detect specific differences. Scores obtained from 
sensory evaluation were statistically analyzed using three-way ANOVA using 
“main effect (the five items)”, “participant”, and “main effect × participant”, 
based on the design of the modified Scheffe’s method. Differences were regarded 
as statistically significant where P < 0.05. 

3. Results 
3.1. Physical Measurement 

As seen in Figure 2(a), the average LST values for the four test foods decreased 
from test food #1 to #4. The average percentage decreases in LST values were 
0.5% from test foods #1 to #2 and 5.6% from test foods #3 to #4, whereas the av-
erage percentage decrease was 12.4% from test foods #2 to #3, suggesting that 
there are two LST groups separating test foods #2 and #3. Average viscosity val-
ues increased from test foods #1 to #4 (Figure 2(b)). The viscosity values of #1 
and #2 were clearly far less than those of #3 and #4. The percentage increase in 
viscosity values from test foods #2 to #3 exceeded 3800% (Figure 2(b)). Statis-
tical analysis revealed significant differences in LST and viscosity values among  

 

 
Figure 2. Average linear spread test (LST) and viscosity values of the test foods. (a) Av-
erage LST values using an LST set (see the text for details); (b) Average viscosity values 
measured using a rotatory viscometer. Bars and error lines indicate the means and stan-
dard deviations of the measurements. Horizontal lines with asterisks indicate specific dif-
ferences in these two values between pairs of test foods (**P < 0.01; *P < 0.05). 
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Figure 3. Concentration of rice particles in the test foods. Number of particles per 7 g of 
test foods was determined by visual observation (see the text for details). Bars and error 
lines indicate the means and standard deviations of measurements. Horizontal lines with 
asterisks indicate specific differences in concentrations between pairs of the test foods 
(**P < 0.01). 

 
the four test foods, and specific differences were also identified between four of 
the 12 possible pairs of test foods for LST values (Figure 2(a)) and between five 
pairs of viscosity values (Figure 2(b); P < 0.05). 

Figure 3 shows the average concentration of rice particles found in the four 
test foods. The concentration increased from test foods #1 (with no visible rice 
particles) to #4. Percentage changes in the concentrations were 13.5% (for #3) 
and 24.9% (for #4) of #2 test foods, respectively. There were significant differ-
ences in concentrations among test foods except for test food #1 (P < 0.01), and 
specific differences were also detected between all three pairs of the test foods 
(Ps < 0.05). 

3.2. Sensory Evaluation 

Figure 4 depicts sensory evaluation estimates of the five items for the four test 
foods used in the present study. The estimates of “grittiness at a glance” (Figure 
4(a)), “grittiness in the mouth (Figure 4(b))”, and “smoothness” (Figure 4(c)) 
decreased as the amount of rice particles diminished as a result of increasing re-
sidue on the sieves (Table 1). These three sets of estimates clearly divided into 
two groups, with two test foods each (#1 and #2; #3 and #4), although the range 
between the two groups in the estimates of “smoothness (Figure 4(c))” was ap-
proximately half of the two “grittiness” measures (Figure 4(a) and Figure 4(b)). 
Ranges between these estimates in “sweetness” (Figure 4(d)) and “odor intensi-
ty” (Figure 4(e)) are much smaller than those for the other three items (Figures 
4(a)-(c)). Statistical analysis (by the modified Scheffe’s method) detected signif-
icant differences in all the main effects (Figures 4(a)-(e); Ps < 0.01). Numbers of 
specific differences between the estimates were four (Figure 4(a)), five (Figure 
4(b)), four (Figure 4(c)), two (Figure 4(d)), and three (Figure 4(e)) of the 12 
possible pairs of the test foods (Ps < 0.05). 
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Figure 4. Estimates for perceived intensities of test foods. White, light gray, dark gray, 
and black circles on the line indicate #1, #2, #3, and #4 test foods, respectively. Horizontal 
lines with asterisks indicate specific differences in estimates between pairs of the test 
foods (**P < 0.01; *P < 0.05). 

4. Discussion 

Particle concentration is one of the major determinants of grittiness of food in 
the mouth [10] [11]. The concentrations of rice particles in the test foods were 
clearly different from each other (Figure 2), whereas estimates of “grittiness in 
the mouth” by the sensory evaluation experiment identified two separate groups: 
test foods #1 and #2 and test foods #3 and #4 (Figure 4(b)). The grouping of 
these estimates seems to be inconsistent with the findings of previous studies 
[10] [11], in which grittiness was proportional to the concentration of particles. 
Indeed, the concentration of particles of test foods #1 and #2 correspond to the 
estimates of grittiness for these test foods, whereas the concentration of particles 
of test foods #3 and #4 does not. It is necessary to consider two different aspects, 
such as food and sensation, to explain this inconsistency. In terms of the food 
aspect, rice particles used in the present study are largely different, not only in 
concentration, but also in size and type from those used in previous studies [10] 
[11]. The average size of rice particles in the present study (Table 2) was much 
greater than those in previous studies, and showed an indeterminate (Figure 
1(b)) rather than spherical shape [10] [11]. In the sensation aspect, the intensity 
of “grittiness” evoked by test foods #1, #2, and #3 (Figure 4(b)) increased cor-
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respondingly with a progressive increase in particle concentration (Figure 3). 
Conversely, “grittiness” evoked by the test foods #3 and #4 were not statistically 
different, although their particle concentrations were clearly different (Figure 3). 
According to a classical psychophysical law (see Figure 2 in [12]), the intensity 
of grittiness in this study would not correspond to that of test food #4 if the sti-
mulus exceeded the strongest one (i.e., terminal threshold), and the intensity of 
grittiness might occur with a “saturated” type of sensation. 

Estimates of “grittiness at a glance” (Figure 4(a)) were very similar to those of 
“grittiness in the mouth” (Figure 4(b)). This similarity is interesting, and the rea-
sons for this similarity are difficult to explain. One possibility is that “grittiness at a 
glance” affected the perceived “grittiness in the mouth” owing to “vision-touch 
interactions” [3], as visual estimation of grittiness preceded the oral estimation 
in the present experiment. A previous study used a special food delivery cup, 
which consisted of two compartments; the upper compartment contained the 
“upper custard” and the lower compartment contained the “ingested custard” 
[4]. In that study, participants consumed custard dessert with larger first bites as 
the “upper custard” compartment was more favorable looking, despite partici-
pants ingesting the same custard from the “ingested custard” compartment. The 
present study suggested the significance of visual cues of food in determining 
bite size. The similarity between “grittiness at a glance” and “grittiness in the 
mouth” in our study may be a result of visual cues regarding food in oral textural 
perception: participants in the present study estimated “grittiness in the mouth” 
by visual observation prior to ingestion. 

The average LST (Figure 2(a)) and viscosity values (Figure 2(b)) were con-
sistent with estimates of “smoothness” (Figure 4(c)) as lower LST and higher 
viscosity values suggest greater consistency of fluid foods. A previous study 
showed that LST values enabled the separation of fluid foods for dysphagic pa-
tients into two categories but were not predictive of viscosity [7]. In the present 
study, both LST values and estimates of “smoothness” revealed two groups (test 
foods #1 and #2 and test foods #3 and #4), similar to the two divisions of “gritti-
ness.” Furthermore, there were no significant differences between the groups in 
terms of LST values and estimates of “smoothness”, whereas the viscosity of test 
food #3 differed significantly from that of test food #4 (Figure 2(b)). Thus, 
“smoothness” is likely to be more closely associated with LST values than meas-
ures of viscosity. 

Estimates of the two chemical sensory items, the overall intensity of odor and 
sweetness, of the test foods were much more similar to each other (Figure 4(d) 
and Figure 4(e)) than to the other three categories (Figures 4(a)-(c)). However, 
estimates of the two chemical sensory items showed, in part, statistically signifi-
cant differences, in spite of the fact that these chemical components should be 
identical among the four test foods (see “2.1.1 Test foods” in “Materials and 
Methods”). An excellent review documented important roles of vision in food- 
related behaviors [3] and identified that “vision is strongly involved in food dis-
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crimination and selection and can lead flavor and texture expectations about a 
food.” Unfortunately, the authors cited studies related to color vision only. The 
present results (Figure 4(d) and Figure 4(e)) may involve examples that dem-
onstrate the influence of visual information of food on sensory evaluations of 
smell and taste. However, it is unclear which factors pertaining to visual infor-
mation may be effective: shape, size, texture, and so on. Another possible expla-
nation for significant differences in estimates of “sweetness” is that “grittiness in 
the mouth” influences sweetness of the test foods, as oral texture can modify the 
sensitivity of sweetness [13] and viscosity can modify not only sensitivity [14] 
[15] but also intensity [16] [17] of the four basic tastes. For example, it is well 
known that viscosity affects sweetness perception in beverages, i.e., increasing 
viscosity results in a reduced intensity of sweetness [18]. Although the results of 
the present study also supported this finding, the reason for the small decrease in 
perceived sweetness intensity was untrained participants. 

The first major limitation of the present study is associated with the test foods 
used. Three of the four test foods were filtered using three different sieves (Table 
1), but their pore sizes may have been inappropriate considering the size of the 
resulting rice particles (Table 2). The average particle diameter (3.3 mm) was 
slightly greater than the pore size of the second largest sieve (3.0 mm) and con-
siderably smaller than that of the largest sieve (5.0 mm). The large difference in 
pore size between these two sieves is probably responsible for the large differ-
ence in concentrations between test foods #2 and #3 (Figure 3). However, the 
difference in concentrations did not result in large differences in the number of 
test foods that exhibited a stepwise increase from test foods #1 to #4 (Table 1). 
This limitation suggests that a sieve of approximately 4.0 mm diameter may be 
better suited to the filtration of rice particles to prevent a gradient in their con-
centration if similar experiments on Amazake are conducted in the future. The 
second major limitation was that two properties of the rice particles, concentra-
tion and size, have been contaminated among the four test foods, and they can-
not be disentangled in this study. It would be necessary to compare perceived 
intensity of the test food at the same concentration with different particle sizes to 
arrive at a clear conclusion. The final limitation is that there were numerous 
small particles in the test foods and the present study did not consider these. 
Some of the smaller particles were half the size of particles shown in Table 2, 
and others were even smaller and undetectable by visual observation. Influences 
of these smaller particles on visual and oral perception of Amazake are un-
known, but previous studies have suggested potential roles of such particles on 
sensory perception [6] [10] [11]. 

5. Conclusion 

The concentration of Amazake’s particles does not simply reflect oral grittiness 
or smoothness, and visual observation of the particles strongly affects these per-
ceptions. 
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Abstract 
Mango (Mangifera indica L.) and banana (Musa acuminata) are the most 
popular fruits in the world and widely cultivated crops in the tropical and 
subtropical zones. Keitt mangoes and Cavendish bananas are the largest cul-
tivar of these fruits found in the Mozambique market. They are only available 
for a short period each year mostly during the late summer and early falls. 
Due to mango and banana fruits high water activity and respiration rate, are 
perishable foods and require conservation methods for preservation and 
availability. The aim of this study was to optimize the hot water-calcium chlo-
ride concentration treatment regime for improved postharvest handling of 
mangoes and bananas. The fruits collected were of uniform size, and at green- 
yellowish maturity stage based on length, diameter, colour and firmness. The 
process was optimized by experimental central composite design using hot 
water temperature (50˚C - 60˚C) and calcium chloride concentration (2% - 
4%) with the aid of desirability function. The samples were analyzed for the 
centesimal composition, firmness, colour, ˚Brix, Aw, pH, titratable acidity and 
vitamin C. The results showed that hot water temperature and calcium chlo-
ride concentration were influent on the Keitt mangoes b* colour attribute, pH 
and titratable acidity as well as the Cavendish bananas firmness, ash and vi-
tamin C content. The optimal conditions of the process were stabilized with 
the desirable function and, coincidentally for both crops, obtained at 55˚C of 
hot water temperature dipping and 3% of calcium chloride concentration. The 
simulated data were similar to the experimental ones. This is the first time 
that calcium chloride-hot water treatment is being reported as a means of ex-
tending the shelf-life of mangoes and bananas. 
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1. Introduction 

Mango (Mangifera indica L.) [1] and Banana (Musa acuminata) [2] are the 
most popular fruits in the world, and also, the most widely cultivated crops in 
the tropical and subtropical zones. There are several cultivars of these two 
fruits that come in different sizes, colour, weight and taste. Keitt mangoes are 
the largest cultivar of Mangifera indica seen in the Mozambique market [3]. 
They also are said to be some of the most flavourful and tangy mangoes avail-
able. Keitt mangoes are available for a short time during the late summer and 
early falls. Mango fruit [4] is rich in pre-biotic dietary fiber, vitamins, miner-
als, and poly-phenolic flavonoid antioxidant compounds. Mango fruit is an 
excellent source of Vitamin-A and flavonoids like beta-carotene, alpha-carotene, 
and beta-cryptoxanthin.  

The Cavendish banana is the most widely-grown banana cultivar. The fruits of 
the Cavendish bananas are eaten raw, used in baking, fruit salads, compotes and 
to complement foods. The banana fruit is composed of a soft, easily digestible 
flesh, made up of simple sugars like fructose and sucrose. Bananas are also rich 
in health benefiting anti-oxidants, minerals, and vitamins. However, these fruits 
upon consumption, these sugars instantly replenish energy and revitalize the 
body [5] [6]. Due to its high water activity and respiration rate, it is a perishable 
food and requires conservation methods for preservation and availability [7].  

In majority fleshy fruits like mango [8] and banana [9], physico-chemical 
characteristics are more important than other aromatic properties and fruit cen-
tesimal composition, firmness, colour, soluble solids, pH, titratable acidity and 
vitamin C are some of them. Therefore, physico-chemical parameters perception 
is an important factor for quality evaluation of fruit and vegetable products and 
critical in determining the acceptability of fresh fruits [10]. Further, physi-
co-chemical parameters of mango [11] [12] and banana [13] [14] had been re-
ported to show variation with specific cultivars, maturity stage and postharvest 
treatment. 

In recent years there has been growing interest in heat-treatments as a method 
of reducing chilling injury in fruits, and other horticultural crops, thus permit-
ting extended storage times [15]. Heat treatment has been shown to be generally 
effective as a postharvest treatment on maintaining quality parameters in grape-
fruits [16] and also reducing chilling injury in tomato fruit [17] during cold sto-
rage. Tolerance to low temperature in ‘Hass’ avocado can be increased by pre-
treatment with high temperature such as 38˚C hot air and hot water treatments 
[18]. It has been reported that heat treatment could protect the ultra-structure of 
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the pericarp cells in the heat pre-treated dragon fruit under chilling stress [19]. 
Apart from heat treatment, other techniques such as calcium salts have also 

been used in the delay of climacteric fruits ripening process. Calcium chloride 
has shown promise in quality retention, firmness improvement and extends the 
postharvest shelf life of fruits and vegetables. Pre- and post-harvest application 
of calcium may help to reduce senescence during commercial and retail storage 
of fruit, with no detrimental effect on consumer acceptance [20]. Calcium chlo-
ride has been reported to reduce the onset of ripening in Atemoya [20] avocado 
[21] and strawberry [22].  

Although hot water and calcium chloride as post-harvest losses reduction 
treatments and shelf-life prolong were already studied, reports on the effects of 
calcium chloride on the ripening and other physiological aspects in mangoes and 
bananas are scarce or totally missing. No work on the optimum hot water treat-
ment in combination with calcium chloride concentration for improved post-
harvest storage of mango and banana fruits is published. Thus, the aim of this 
study was to optimize the hot water-calcium chloride concentration treatment 
regime for improved postharvest handling of Keitt mangoes and Cavendish ba-
nanas. It was also of interest to investigate the effects of the optimized hot water 
treatment and calcium chloride concentration on selected physico-chemical pa-
rameters: firmness, colour, centesimal composition, total soluble solids (˚Brix), 
water activity (Aw), pH, tritratable acidity (TA) and vitamin C of mango and ba-
nana fruits. The process was optimized by experimental central composite de-
sign with the use of desirability function. 

2. Material and Methods 
2.1. Material 

For this research work, the Keitt mango fruits were bought in Ribaue disctrict 
(Nampula Province in the north part of Mozambique) and the Cavendish bana-
na fruits from local market of Macate district (Manica Province in the central 
part of Mozambique) where its geographical coordinates are 15˚05'51" South, 
38˚23'22" East and 19˚08'32" South, 33˚64'56" East, respectively. Cavendish ba-
nana fruits were harvested in mid-august 2016 while the Keitt mangoes were 
harvested in January 2017. The fruits collected were of uniform size, and at the 
green-yellowish maturity stage based on colour, firmness and total soluble solids 
(Brix). They were transported to the laboratory of “Technology and Food Ana-
lyses”, Agriculture Division, Instituto Superior Politécnico de Manica (ISPM). 

2.2. Centesimal Composition Determination 

The raw material (Keitt mango and Cavendish banana fruits) was characterised 
according to its centesimal composition in relation to water content (moisture), 
ash, crude lipids, crude proteins, fibre [23] and carbohydrates. Moisture content 
was determined in a vacuum oven at 105˚C. Protein content was analyzed by the 
Kjeldahl method using a conversion factor of 6.25. Lipid content was determined 
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by the Soxhlet method based on petroleum ether (boiling point 52˚C) extraction. 
The ash content (fixed mineral residue) was measured gravimetrically after cal-
cination of the samples in the muffle furnace (oven) at 550˚C. The fiber was de-
termined by acid hydrolysis. The sugar fraction was determined by the differ-
ence between 100 and the total sum of all other constituents. 

2.3. Firmness Measurements 

The mango and banana fruits firmness measurement was determined using a 
food penetrometer (0.2 kg/cm2 scale indicator, 10 mm indenter penetration 
depth and 3.5 mm probe size, ELCOMP (PTY) LTD Midrand, South Africa). 
The peel firmness (expressed in × 105 Pa) is defined as the mean of the pressure 
applied on the peel for one second to break the peel. Each fruit was compressed 
3.5 mm at different locations of the skin around the fruit equator. 

2.4. Colour Measurements 

Skin colour of the fruit was measured using a colour differential meter (ZE-2000, 
Nippon Denshoku, Japan) to determine Hunter Lab’s L* value (lightness or 
brightness), a* value (redness or greenness), and b* value (yellowness or blue-
ness) of the fruit at the equator. The colorimeter was calibrated with a white 
standard tile. 

2.5. Brix Degree Measurement 

Total soluble solids were determined as ˚Brix using a refractometer ATAGO 
hand held type (ELCOMP (PTY) LTD Midrand, South Africa), which was cali-
brated with distilled water and maintained at a constant temperature of 25˚C. 

2.6. Water Activity Measurement 

The water activity (Aw) was determined at 25˚C with the use of the Aqualab 
model CX-2T (Decagon Devices Inc., Pullman, WA, USA). 

2.7. pH Measurement 

The pH was measured by using a pH tester (APEX lab equipment, Hebi City, 
Qibin District, China), with an electrode for liquids previously calibrated with 
standard buffer solutions at different pH values (pH = 4.0 and pH = 7.0). The 
mangoes or bananas were washed, peeled and liquefied using fruit pressing ma-
chine (ELCOMP (PTY) LTD Midrand, South Africa) to obtain juice. Fifty ml of 
mango or banana juice were taken and the pH was measured by direct immer-
sion of the electrode in juice. 

2.8. Titratable Acidity Measurement 

Titratable acidity (TA), expressed as percentage of citric acid for mango and 
malic acid for banana, was determined by titrating with 0.1 N NaOH. The fruits 
were washed, peeled and liquefied to obtain the juice. Ten ml of the mango or 
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banana juice were accurately measured and transferred into a conical flask. Into 
each of the flasks, 3 drops of phenolphthalein (1%) were added as an indicator 
according to [23] official method 925.53. 

2.9. Ascorbic Acid Determination 

An oxidation-reduction titration was performed according to the method estab-
lished by Reference [24]. An iodine solution of known concentration was pre-
pared and its concentration verified by titrating a solution of ascorbic acid. The 
iodine solution thus prepared was, then, used to titrate the respective fruit ex-
tracts. The ascorbic acid was expressed as g ascorbic acid per 1000 mL of fruit 
extract. 

2.10. Dip Treatment with Hot Water and Calcium Chloride 

The optimization of the postharvest treatments for the mango and bananas fruits 
experiments was conducted in two stainless steel equipment (pan). The temper-
ature of the solutions was measured by a thermocouple. During the experiments, 
the stainless steel equipment was sealed in order to maintain the internal pres-
sure. Arranged in a single layer, simulating the real situation of fruit handling 
the whole mango or banana samples were placed in small plastic perforated 
hammock, closed and then immersed in the solution and each having 3 replicate 
fruits. These plastic perforated hammocks allow the contact between fruit and 
solution and the identification of each sample, by their position inside them. All 
dip assays with the postharvest treatments were held for a total of 10 minutes (5 
min in each treatment). Since the water temperature varies, the calcium chloride 
solution temperature was kept constant at 40˚C. The samples were removed 
from the solution and immediately immersed in a cold bath composed of ice and 
cold distilled water. The samples were allowed to cool in the ice water for 20 
seconds. This procedure is commonly applied to stop the mass transfer and re-
move the solution from the food surface [25] [26] [27]. Due to the short contact 
between the food and the liquid, there is no significant rehydration. They were 
allowed to drain and thereafter held under ambient conditions. The fruits were 
carefully dried with paper towels to remove the bath water or solution. The sam-
ples were placed in hermetic containers and kept under refrigeration (7˚C) for 
further analysis within 48 hours after the procedure. The samples were analyzed 
for the centesimal composition, firmness, colour, ˚Brix, Aw, pH, titratable acidity 
and vitamin C. 

2.11. Central Composite Statistical Design 

Two sets of treatment were performed namely, hot water temperature and cal-
cium chloride concentration. An experimental central composite design with 
twelve experiments according to a 22 factorial design, with 4 axial points and 4 
replicates at central point was employed. The experiments were conducted with  

 

 

1For purposes of creating a logical argument, in this work, will be considered 45 - 65˚C temperature 
range as hot water. 
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Table 1. Matrix design with coded and decoded variables’ values. 

Assay 

variables 

Coded Decoded 

Hot water (˚C) Calcium chloride (%) X1 (˚C) X2 (%) 

1 −1 −1 50 2 

2 1 −1 60 2 

3 −1 1 50 4 

4 1 1 60 4 

5 −1.41 0 47.95 3 

6 1.41 0 62.05 3 

7 0 −1.41 55 0.88 

8 0 1.41 55 5.12 

9 0 0 55 3 

10 0 0 55 3 

11 0 0 55 3 

12 0 0 55 3 

 
hot water (X1) and calcium chloride (X2) separately for mango and banana fruits, 
according to the matrix design (Table 1).  

By means of a regression analysis, each answer (Y) statistically significant was 
adjusted to a second-order polynomial with the explanatory variables (Xn). The 
general expression used to predict the behaviour of each response assessed is de-
scribed as follows: 

2 2
0 1 1 2 2 11 1 22 2 12 1 2iY X X X X X Xβ β β β β β ε= + + + + + +          (1) 

where Yi is the predicted response and X1 and X2 are the independent variables 
(hot water temperature and calcium chloride concentration, respectively); β0 is 
the coefficient for the intercept of the plane with the axis response; β1 and β2 are 
the linear coefficients by the method of least squares; β11 and β22 are the variable 
quadratic coefficients; β12 is the coefficients of interaction between independent 
variables; ε is the experimental error. 

The model was adjusted through the technique of ‘backward elimination pro-
cedure’ that allows one to examine the best regression, thus eliminating insigni-
ficant terms (p < 0.05 and R2 ≥ 0.80). This includes the statistical significance of 
each terms of the adjustable model (p-value), the estimated effects in each term 
(βi), the determination coefficient of the model (R2), in order to establish the ac-
curacy of the model using the software Statistic 8.0 (StatSoft, Inc., Tulsa, OK, 
EUA) [28]. The three-dimensional response surface graphics, as well as their re-
spective boundary curves, were also obtained. 

2.12. Optimization and Validation of the Process Conditions 

The resulting models were optimized to determine the levels of the variables that 
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gave the optimum values of the responses and complete models were adopted 
for prediction of the optimum condition of hot water and calcium chloride 
treatment for the Keitt mango and Cavendish banana fruits. In this optimiza-
tion, the multiple responses were also performed to develop an optimum for 
each experimental design, according to desirability or each dependent variable, 
combined into an overall composite function, called the desirability function. 

For optimization, the predicted response that was not statistically affected 
with the independent variables (p < 0.05) was not considered. Simultaneous op-
timization of responses was carried out according to the methodology proposed 
by Reference [29]. The method is based on converting each response variable 
(Yi) in an individual desirability function (di) with restricted range values [0, 1], 
where zero is assigned to an undesirable response and the 1 is assigned to a de-
sirable response. Once the individual desirability functions for the predicted 
values of each variable response is specified, they are combined into a global de-
sirability (D) through the geometric mean of n individual desirability (Equation 
(2)) which was maximized (D values close to 1) and reduces the simultaneous 
optimization to a single value.  

( )
1

1 2 3 nnD d xd xd xd= ⋅⋅⋅                      (2) 

Therefore, with the aid of the desirability function the set of optimized condi-
tions of the process of combined hot water temperature dipping and calcium 
chloride concentration treatment to the selected physico-chemical parameters of 
the mango and banana fruits was obtained. This took into account the maximi-
zation of firmness, fiber and tritratable acidity, minimization moisture, water ac-
tivity and pH as well as the maintenance of the colour, ash, lipids and vitamin C. 

To achieve the validation of the predicted process conditions an experiment 
was conducted by using the conditions established by the optimization as well as 
comparing the values predicted by the models to experimentally obtained values. 

3. Results and Discussion 
3.1. Effect of Hot Water and Calcium Chloride on the Centesimal 

Fruit Composition 

Based on the central composite design (CCD) carried out with two variables, the 
results on the Keitt mango and Cavendish banana fruits centesimal composition 
are presented in Table 2(a) while the effects of the variables are shown in Table 
2(b). From the results on the Table 2(a), it is observed that for mango fruits, 
high values are obtained in assays 6 and 10 for moisture (85.74%), 1 and 7 for 
ash (0.18%), 8 for lipids (0.40%), 7 for protein (0.80%), 4 for fiber (3.75%) and 1 
for carbohydrates. It is also observed that low values were obtained in assay 7 
(82.38%) for moisture, 5 and 8 (0.11%) for ash, 5 (0.16%) for lipids, 11 (0.31%) 
for protein, 2 (0.59%) for fiber and (10.01%) for carbohydrates. 

For banana fruits, it is observed that high values are obtained in assays 10 for 
moisture (82.59%), 3 for ash and lipids (0.70% and 3.02%, respectively), 7 for  
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Table 2. (a) Central composite design assay on the centesimal composition of Keitt mango and Cavendish banana fruits. (b) Effect 
of central composite design variables on the centesimal composition of Keitt mango and Cavendish banana fruits. 

(a) 

Assay 
Variable Moisture (%) Ash (%) Lipid (%) Protein (%) Fiber (%) Carbohyd (%) 

X1 X2 Ma Ba Ma Ba Ma Ba Ma Ba Ma Ba Ma Ba 

1 −1 −1 80.78Ab 76.57Ed 0.18Aa 0.58Ed 0.29Ab 2.37Dd 0.55Aa 2.74Dd 2.57Aa 2.57Dd 15.64Aa 15.16Dd 

2 1 −1 83.06Aa 70.90Dd 0.15Aa 0.68Ee 0.23Aa 2.68Dd 0.44Aa 2.21Dd 0.59Aa 0.59Dd 15.49Aa 22.94Dd 

3 −1 1 84.59Ab 78.62Ee 0.14Aa 0.70Ee 0.29Ab 3.02Dd 0.54Aa 2.68Dd 1.63Aa 1.63Dd 12.84Aa 13.35Dd 

4 1 1 84.86Ab 73.27Dd 0.17Aa 0.62Ee 0.36Ac 0.79Dd 0.72Aa 3.61Dd 3.75Aa 3.75Dd 10.15Aa 17.96Dd 

5 −1.41 0 85.18Ab 74.25Ed 0.11Aa 0.52Dd 0.16Aa 2.01Dd 0.52Aa 2.62Dd 2.78Aa 2.78Dd 11.19Aa 17.81Dd 

6 1.41 0 85.74Ab 73.76Dd 0.17Aa 0.54Dd 0.36Ab 2.26Dd 0.65Aa 3.26Dd 3.07Aa 3.07Dd 10.01Aa 17.10Dd 

7 0 −1.41 82.38Aa 73.97Dd 0.18Aa 0.69Ee 0.25Ab 2.27Dd 0.80Aa 4.02Dd 3.10Aa 3.10Dd 13.30Aa 15.95Dd 

8 0 1.41 83.28Aa 75.19Ed 0.11Aa 0.70Ee 0.40Ac 1.94Dd 0.47Aa 2.33Dd 1.71Aa 1.71Dd 14.15Aa 18.12Dd 

9 0 0 84.25Ab 77.00Ed 0.16Aa 0.62Ee 0.31Ac 1.95Dd 0.52Aa 2.62Dd 1.89Aa 1.89Dd 13.02Aa 15.92Dd 

10 0 0 85.74Ab 82.59Fe 0.17Aa 0.63Ee 0.23Aa 1.93Dd 0.65Aa 3.26Dd 1.71Aa 1.71Dd 11.66Aa 9.88Dd 

11 0 0 85.58Ab 82.18Fe 0.16Aa 0.63Ee 0.29Ab 1.93Dd 0.31Aa 1.57Dd 1.91Aa 1.91Dd 11.91Aa 11.78Dd 

12 0 0 84.25Ab 78.65Fe 0.16Aa 0.64Ee 0.27Ab 1.96Dd 0.58Aa 2.91Dd 1.91Aa 1.91Dd 12.99Aa 13.93Dd 

X1 and X2 correspond to the independent variable. X1 is the hot water temperature (˚C); X2 is the calcium chloride concentration (%); Ma—mango fruits; 
Ba—Banana fruits. Each column, means followed by the same script capital letter is not significantly different (p < 0.05) by Tukey test between hot water 
temperature and, the same lower case is not significantly different between calcium chloride concentration. Were used a, b and c for mango and d, e and f 
for banana fruits. 

(b) 

Variable Moisture Ash Lipids Protein Fiber Carbohy 

Fruit Ma Ba Ma Ba Ma Ba Ma Ba Ma Ba Ma Ba 

R2 0.76 0.74 0.62 0.93 0.71 0.76 0.26 0.26 0.66 0.66 0.56 0.57 

Average 84.96 80.10 0.16 0.63 0.27 1.94 0.52 2.59 1.86 1.86 12.39 12.88 

X1 0.84 −2.94 0.02 0.01 0.07 −0.39 0.07 0.33 0.14 0.14 −1.13 2.86 
2

1X  0.09 −5.84* −0.02 −0.08* −0.01 0.24 0.05 0.22 0.81 0.81 −1.11 4.65 

X2 1.72 1.54 −0.03 0.02 0.09* −0.43 −0.05 −0.26 0.06 0.06 −1.74 −0.93 
2
2X  −2.55* −5.26* −0.01 0.08* 0.05 0.21 0.09 0.46 0.28 0.28 2.03 4.22 

X1X2 −1.01 0.16 0.03 −0.09* 0.07 −1.27* 0.15 0.73 2.03* 2.05* −1.27 −1.58 

*Significant effects at 95% confidence level. X1 and X2 correspond to the independent variable. X1 is the hot water temperature (˚C); X2 is the calcium chlo-
ride concentration (%); 2

1X  and 2
2X  are the variable quadratic coefficients; X1X2 is the coefficients of interaction between independent variables and R2 is 

the determination coefficient. Ma—mango fruits; Ba—Banana fruits. 
 

proteins (4.02%), 4 for fiber (3.75%) and 2 for carbohydrates (22.94%). It is also 
observed that low values were obtained in assay 2 for moisture and fiber (70.90% 
and 0.59% respectively), 5 for ash (0.52%), 4 for lipids (0.79%), 11 for proteins 
(1.57%) and 10 for carbohydrates (9.88%). Other reports suggest that combining 
hot water and calcium chloride prevents the destruction of cell compartments 
and also the contact of PolyPhenolOxidase with polyphenols in the vacuole [30] 
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without degrading the centesimal attributes. This observation may be due to the 
optimization of specified set of parameter in the current study. When optimizing 
a process, the goal is to maximize one or more of the process specifications, 
while keeping all others within their constraints [28]. 

It can be observed, in Table 2(b) that, hot water temperature dipping was not 
statistically influent on centesimal mango fruits composition but the linear term 
of calcium chloride was influent on the lipids and the quadratic terms of calcium 
chloride concentration was statistically influent on the moisture content with 
confidence level of 95%. The interaction between hot water dipping and calcium 
chloride treatment was statistically significant (p < 0.05) for fibers content. 

For banana fruits, it can be observed, in Table 2(b) that, quadratic terms of 
calcium chloride concentration and hot water temperature was statistically in-
fluent on the moisture and ash content with confidence level of 95%. The inte-
raction between hot water dipping and calcium chloride treatment was statisti-
cally significant (p < 0.05) for ash, lipids and fibers content. 

Reports on hot water and calcium chloride on the Keitt mango and Cavendish 
banana fruits centesimal composition are scarce. Maureen et al., (2016) studying 
the effects of induced ripening on the proximate, biochemical and mineral 
compositions of Musa sapientum (Banana) reported that there are significant 
differences in the percentage of proximate composition. In this report, the 
moisture content, dry matter, ash, crude fibre, ether extract, crude protein and 
carbohydrate of the plantain were compared. The hot water dipping was re-
ported as the method that did not induce ripening as the respective values were 
lowest. Similar results were reported by [31] on the proximate, biochemical and 
mineral compositions of Carica papaya (Pawpaw Fruit). Rerefence [32] was 
comparing proximate analysis, mineral elements and anti-nutrients composition 
between Musa sapientum (Banana) and Musa paradisiaca (Plantain) pulp flour 
and reported that no significant difference was observed when the moisture, ash, 
crude fibre, crude fat, crude protein and total carbohydrate contents of the two 
Musa species were compared to each other at p < 0.05. 

3.2. Effect of Hot Water and Calcium Chloride on the Firmness and 
Colour Attributes 

The central composite design (CCD) matrix with the codified variables and the 
results on the firmness and colour attributes of Keitt mango and Cavendish ba-
nana fruits are presented in Table 3(a) and the effect of the variables, in Table 
3(b). 

It can be seen, in Table 3(a), that assay 5, where the high hot water tempera-
ture and calcium chloride were used, presented higher firmness value (12.00 × 
105 Pa) and the assay 6, where highest hot water temperature was used and me-
dium calcium chloride concentration obtained the lower value (3.67 × 105 Pa). It 
can be observed, in Table 3(b), that the interaction between hot water dipping 
and calcium chloride treatment statistically (p < 0.05) influenced the mango 
fruits peel firmness with confidence level of 95%. 
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For banana fruits, in Table 3(a), it is seen that assay 5, where the lowest hot 
water temperature was used and medium calcium chloride value, presented 
higher firmness value (10.00 × 105 Pa) and the assay 8, where medium hot water 
temperature was used and high calcium chloride concentration obtained the 
lower value (7.33 × 105 Pa). It can be observed, in Table 3(b), that with excep-
tion of calcium chloride concentration, hot water temperature significantly (p < 
0.05) influenced the banana fruits peel firmness. 

Reference [33] reported opposite behaviour when were assessing the effec-
tiveness of calcium chloride and calcium lactate on maintenance of textural and 
sensory qualities of fresh-cut mangoes where they noted that fresh-cut mango 
firmness was increasing when the calcium content used increased. In this work 
with mango and banana fruits, the high codified variable values reduced the 
mango and banana fruits peel firmness. Similar fruit peel firmness behaviour 
was reported by the reference [19]. These researchers assessed the effect of hot 
water and reported the submergence time and storage duration on quality of 
dragon fruit (Hylocereus polyrhizus). They observed that increasing of hot water 
temperature decreased the dragon fruit firmness significantly. Therefore, dis-
turbance in cell structure and membrane damaged on fruit which was soaked in 
high water temperature was the source of decrease in fruit firmness. 

The cell walls are more stable to different treatments, therefore, calcium dips 
have been employed to improve firmness and extend the postharvest shelf life of 
a wide range of fruits and vegetables. References [34] and [35] reported that cal-
cium salts are better in the strengthening of cell walls. The current results are al-
so similar with those reported by the reference [36] on pomegranate. They asso-
ciated the retention of firmness in calcium ions treated fruits to their accumula-
tion in the cell walls leading to facilitation in the cross linking of the pectic po-
lymers. The cross linking increases wall strength and cell cohesion. 

With respect to Keitt mango fruits colour attributes, the hot water tempera-
ture and calcium chloride concentration acted in order to obtain high values in 
assay 9, 3 and 1 (44.32, 1.46 and 21.32) and low values in assay 5, 5 and 2 (42.23, 
−7.94 and 17.53), respectively for L, a* and b* attributes. Moreover, it was ob-
served from the difference between the highest and lowest values obtained (L = 
2.09 and a* = 6.48) that the treatments did not cause high change on the mango 
fruits peel colour. From the Table 3(b), the hot water temperature and calcium 
chloride concentration were statistically influential in the quadratic term of hot 
water temperature on L values (lighteness intensity), linear term hot water and 
quadratic term of calcium chloride on b* (yellowness or blueness). The interac-
tion between hot water dipping and calcium chloride treatment was statistically 
significant (p < 0.05) for a* and b* colour attributes.  

Banana fruits colour attributes showed that, the hot water temperature and 
calcium chloride concentration acted in order to obtain high values in assay 10, 
2 and 1 (44.80, −32.51 and 41.60) and low values in assay 3, 8 and 2 (42.88, 
−37.29 and 37.01), respectively for L, a* and b* attributes. Moreover, it was  
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Table 3. (a) Central composite design assay on the firmness and colour attributes of Keitt mango and Cavendish banana fruits; (b) 
Effect of central composite design variables on the firmness and colour attributes of Keitt mango and Cavendish banana fruits. 

(a) 

Variable 
Fruit and physico-chemical parameters 

Firmness (×105 Pa) L a* b* 

Essay X1 (˚C) X2 (%) Mango Banana Mango Banana Mango Banana Mango Banana 

1 −1 −1 10.00Aa 8.67Dd 42.88Ba 44.66Dd −5.87Aa −37.25Dd 21.32Bb 41.60Dd 

2 1 −1 4.20Aa 7.67Dd 43.00Ba 44.77Dd −2.51Aa −32.51Ee 17.53Aa 37.01Dd 

3 −1 1 4.33Aa 8.67Dd 42.88Ba 42.88Dd 1.46Aa −36.66De 19.13Bb 40.97Ed 

4 1 1 12.00Aa 7.33Dd 42.88Ba 43.19Dd −7.46Aa −35.78Ee 19.96Bb 39.39Dd 

5 −1.41 0 11.70Aa 10.00Ed 42.23Aa 43.51Dd −7.94Aa −36.87De 20.54Bb 40.63Ed 

6 1.41 0 3.67Aa 7.67Dd 42.33Aa 43.82Dd −4.89Aa −35.79Ee 18.77Ab 39.24Dd 

7 0 −1.41 11.00Aa 8.00Dd 42.77Ba 43.22Dd 0.06Aa −35.02Ee 18.15Ab 39.72Dd 

8 0 1.41 7.33Aa 7.33Dd 42.66Ba 43.82Dd −2.66Aa −37.29Dd 19.11Bb 40.75Ed 

9 0 0 11.00Aa 7.67Dd 44.32Ba 43.53Dd −1.00Aa −35.44Ee 20.85Bb 39.84Dd 

10 0 0 12.00Aa 7.67Dd 43.92Ba 44.80Dd −5.03Aa −35.47Ee 18.93Bb 39.99Dd 

11 0 0 11.70Aa 8.00Dd 42.77Ba 43.22Dd −2.42Aa −36.52De 20.18Bb 41.23Ed 

12 0 0 11.00Aa 7.67Dd 43.31Ba 43.82Dd 0.72Aa −35.79Ee 20.30Bb 39.24Dd 

X1 and X2 correspond to the independent variable. X1 is the hot water temperature (˚C); X2 is the calcium chloride concentration (%); L, a* and b* are the 
colour attributes. Each column, means followed by the same script capital letter is not significantly different (p < 0.05) between hot water temperature and, 
the same lower case between calcium chloride concentration by Tukey test. Were used a, b and c for mango and d, e and f for banana fruits. 

(b) 

Variable 
Firmness L* a* b* 

Mango Banana Mango Banana Mango Banana Mango Banana 

R2 0.75 0.95 0.56 0.20 0.68 0.79 0.83 0.73 

Average 11.43 7.75 43.58 43.84 −1.93 −35.81 20.07 40.08 

X1 −2.37 −1.41* 0.06 0.21 −0.32 1.79* −1.37* −2.04* 
2

1X  −4.16 1.00* −1.10* −0.03 −4.37 −0.18 −0.24 −0.32 

X2 −0.76 −0.32 −0.07 −0.63 −0.37 −1.48* 0.40 0.81 
2
2X  −2.66 −0.17 −0.66 −0.18 0.78 0.00 −1.27* −0.01 

X1X2 6.73* −0.17 −0.06 0.10 −6.14* −1.93 2.31* 1.50 

*Significant effects to 95% confidence level. X1 and X2 correspond to the independent variable. X1 is the hot water temperature (˚C); X2 is the calcium chlo-
ride concentration (%); 2

1X  and 2
2X  are the variable quadratic coefficients; X1X2 is the coefficients of interaction between independent variables and R2 is 

the determination coefficient; L, a* and b* are the colour attributes. 
 

observed from the difference between the highest and lowest values obtained (L 
= 1.92, a* = 4.78 and b* = 4.59) that the treatments did not cause high change on 
the banana fruits peel colour. From the Table 3(b), the hot water temperature 
and calcium chloride concentration were statistically influential only in linear 
term of each one for a* values (redness or greenness) and linear term of hot wa-
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ter temperature for b* (yellowness or blueness), but were not statistically signifi-
cant for L (lightness or brightness) values. 

It is desirable that the treatment carries to the smaller colour changes. Similar 
observations were reported by the reference [33] for Atkins and Kent mangoes 
when they applied calcium chloride. In a heat treatment, the colour variation is a 
very complex aspect. It is related to the moisture content, solids incorporated 
and pigment concentration. This is attributed to the hot water treatment which 
protect the ultra-structure of the pericarp cells in the heat-pretreated fruits and 
calcium treatment which decrease the incidence of physiological disorders. 
Greater variation on colour is obtained with the higher temperature and high 
concentrations of calcium chloride [27]. However, the hot water temperature 
and calcium chloride solution concentrations used in the present work were sig-
nificantly lower than those reported by the reference [27]. 

3.3. Effect of Hot Water and Calcium Chloride on the ˚Brix, Aw, pH, 
TA and Vitamin C 

The ˚Brix, Aw, pH, TA and vitamin C values for Keitt mango and Cavendish 
banana fruits obtained after hot water and calcium chloride treatment are pre-
sented in Table 4(a) while the effect of central composite design variables are 
presented in Table 4(b). It can be observed, in Table 4(a), that low Keitt 
mangoes values were obtained in assays 10 for ˚Brix (11.33%), 8 and 9 for Aw 
(0.96), 11 and 12 for pH (4.01), 6 and 7 for TA (0.06%) and 9 for vitamin C 
(9.13%). High values were obtained in assay 1 for ˚Brix (16.00%), 2, 3, 5, 7 and 
10 for Aw (0.98), 4 for pH (5.02), 1, 3, 5 and 8 for TA (0.10%) and 8 for vitamin 
C (14.83%).  

These results indicated that the hot water (X1) and calcium chloride (X2) were 
the most influential variables over the two responses studied. Therefore, in the 
present study, mangoes total soluble solids, water activity and vitamin C were 
not statistically affected (p < 0.05) by hot water dipping and calcium chloride 
treatment (Table 4(b)). Quadratic effect related to X1 showed that the higher the 
temperature of hot water, the higher is the pH. In a similar way, quadratic effect 
related to X2 showed that the higher the calcium chloride treatment, the higher is 
the pH. Linear effect related to X1 showed that the higher the temperature of hot 
water, the smaller is the titratable acidity. 

It can be observed, also, in Table 4(a), that low Cavendish bananas values 
were obtained in assays 2 for ˚Brix (11.30%), 1 and 8 for Aw (0.87), 10 for pH 
(4.51), 5 for TA (0.11%) and 4 for vitamin C (1.20%). High values were obtained 
in assay 3 for ˚Brix (21.00), 3 and 6 for Aw (0.94), 2 for pH (5.88), 2, 3, 11 and 12 
for TA (0.18%) and 2 for vitamin C (2.07%). 

In the present study, bananas total soluble solids, water activity and pH were 
not statistically affected (p < 0.05) by hot water dipping and calcium chloride 
treatment (Table 4(b)). Quadratic effect related to X1 showed that the higher the 
temperature of hot water, the smaller is the titratable acidity. In the present  
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Table 4. (a) Central composite design assay on the ˚Brix, Aw, pH, TA and vitamin C of Keitt mango and Cavendish banana fruits; 
(b) Effect of central composite design variables on the ˚Brix, Aw, TA and vitamin C of Cavendish banana fruits. 

(a) 

Assay 
Variable TSS Aw pH TA Vit. C 

X1 (˚C) X2 (%) Ma Ba Ma Ba Ma Ba Ma Ba Ma Ba 

1 −1 −1 16.00Aa 12.00Ed 0.97Aa 0.87Dd 4.94Ba 5.36Dd 0.10Ba 0.17Ed 12.87Aa 1.77Dd 

2 1 −1 14.17Aa 11.30Dd 0.98Aa 0.88Dd 4.99Ba 5.88Dd 0.08ABa 0.18Ed 12.00Aa 2.07Ed 

3 −1 1 13.50Aa 21.00Ef 0.98Aa 0.94Dd 5.00Bb 5.85Dd 0.10Ba 0.18Ed 10.10Aa 2.03Ed 

4 1 1 14.33Aa 19.00Ef 0.97Aa 0.90Dd 5.02Bb 5.19Dd 0.07Aa 0.12Dd 10.90Aa 1.20Dd 

5 −1.41 0 14.33Aa 13.30De 0.98Aa 0.89Dd 4.97Ba 5.02Dd 0.10Ba 0.11Dd 12.70Aa 1.40Dd 

6 1.41 0 15.33Aa 17.67Ee 0.97Aa 0.94Dd 5.00Bb 5.63Dd 0.06Aa 0.14Dd 12.37Aa 1.47Dd 

7 0 −1.41 15.33Aa 19.33Ef 0.98Aa 0.89Dd 5.00Bb 5.38Dd 0.06Aa 0.16Ed 12.63Aa 1.93Ed 

8 0 1.41 13.67Aa 13.10Ed 0.96Aa 0.87Dd 4.00Aa 5.21Dd 0.10Ba 0.17Ed 14.83Aa 1.93Ed 

9 0 0 13.67Aa 16.33Ee 0.96Aa 0.92Dd 4.15Aa 5.45Dd 0.07Aa 0.16Ed 9.13Aa 1.80Dd 

10 0 0 11.33Aa 16.67Ee 0.98Aa 0.92Dd 4.03Aa 4.51Dd 0.07Aa 0.17Ed 11.60Aa 1.73Dd 

11 0 0 15.50Aa 16.00Ee 0.97Aa 0.92Dd 4.01Aa 4.70Dd 0.07Aa 0.18Ed 12.87Aa 1.70Dd 

12 0 0 15.17Aa 17.00Ee 0.97Aa 0.93Dd 4.01Aa 4.70Dd 0.07Aa 0.18Ed 12.00Aa 1.69Dd 

X1 and X2 correspond to the independent variable. X1 is the hot water temperature (˚C); X2 is the calcium chloride concentration (%); ˚Brix is the total so-
luble solids; Aw is the water activity; pH is the potential hidrogenionic; TA is the titratable acidity (%) and Vit. C is the vitamin C content (mg/100g). Each 
column, means followed by the same script capital letter is not significantly different (p < 0.05) between hot water temperature and, the same lower case 
between calcium chloride concentration by Tukey test. Were used a, b and c for mango and d, e and f for banana fruits. 

(b) 

Variable Brix Aw pH TA Vit. C 

Fruit Mango Banana Mango Banana Mango Banana Mango Banana Mango Banana 

R2 0.34 0.18 0.57 0.57 0.84 0.64 0.80 0.64 0.18 0.80 

Average 14.36 16.06 0.97 0.92 4.05 4.84 0.07 0.17 11.40 1.68 

X1 0.02 0.48 0.00 0.01 0.03 0.18 −0.03* 0.00 −0.13 −0.11* 
2

1X  0.17 −0.47 0.01 0.00 1.06* 0.62 0.01 −0.04* 0.29 −0.21 

X2 −0.23 −0.19 −0.01 0.01 −0.33 −0.11 0.01 −0.01 −0.19 −0.15 
2
2X  0.10 −0.39 0.00 −0.04 0.57* 0.59 0.02 0.00 1.50 0.29 

X1X2 0.27 0.08 −0.01 −0.02 −0.02 −0.59 −0.01 −0.03 0.83 −0.57* 

*Significant effects to 95% confidence level. X1 and X2 correspond to the independent variable. X1 is the hot water temperature (˚C); X2 is the calcium chlo-
ride concentration (%); 2

1X  and 2
2X  are the variable quadratic coefficients; X1X2 is the coefficients of interaction between independent variables; R2 is the 

determination coefficient; Aw is the water activity; pH is the potential hidrogenionic; TA is the titratable acidity (%) and Vit. C is the vitamin C content 
(mg/100g). 
 

study, the interaction between hot water dipping and calcium chloride treatment 
influenced negatively (p < 0.05) the vitamin C content (Table 4(b)). 

These results are not in agreement with those by the reference [20] report who 
evaluated the effects of heat treatment and calcium on postharvest storage of 
atemoya fruits. The total soluble solids (3.5 ± 0.11 ˚Brix), titratable acidity (0.11 
± 0.03), pH (5.40 ± 0.01) and ascorbic acid (19.29 ± 0.09 mg/100g) were not dif-
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ferent between treated and untreated fruits. Reference [37] assessing the effects 
of ripening acceleration methods on the proximate, biochemical and mineral 
compositions of Musa paradisiaca (Plantain) noted that there is significant dif-
ference in the composition of the TA, pH, reducing sugar, and vitamin C of the 
plantain between treatment (p = 0.05) where hot water and also, calcium carbide 
presented low values of TA, high values of vitamin C and similar values of pH as 
reported in the present study. Similar results were reported by the reference [38]. 
Considering the high levels of vitamin C in hot water and calcium chloride 
treated Cavendish bananas in the current study, it is concluded that the Caven-
dish banana fruits preserved its characteristics and are a good source of vitamin 
C and malic acid. Various studies have shown that changes in cell pH by altered 
physical conditions affect the mineral, biochemical and proximate contents of 
plant since the vacuolar acidity influences the formation of the various chemical 
forms. For instance, in fruits, the acid pH range of anthocyanins are predomi-
nantly present as red flavylium cation, and with rising pH mainly the colourless 
carbinol and the blue quinonoidal bases are synthesized leading to a scarlet co-
lour. 

Similar effects were documented for kiwi-fruit [39]. In pomegranate, the ref-
erence [36] also found TA increased significantly during the experiment, while 
the TSS content decreased gradually with addition of sodium and calcium 
treatment. These researchers also reported that the concentrations of CaCl2 de-
layed the rapid oxidation of ascorbic acid. 

3.4. Models and Surface Predicted Responses 

It can be seen from Table 3(b) and Table 4(b) that the statistical models for b*, 
pH and titratable acidity were suitable for describing the Keitt mangoes experi-
mental data. These responses were statistically affected by the independent va-
riables (p < 0.05). The model presented high values of determination coefficient 
for a statistical model (R2 ≥ 0.80). With respect to other predicted responses, the 
statistical models showed lack of adjustment because R2 < 0.80. Thus, only the 
models for b*, pH and titratable acidity are presented “(3, 4 and 5)”: 

2 2
* 1 1 2 2 1 220.07 1.37 0.18 0.40 1.27 2.31bY X X X X X X= − − + − +       (3) 

2 2
1 1 2 2 1 24.05 0.03 1.06 0.33 0.57 0.02pHY X X X X X X= + + − + −       (4) 

2 2
1 1 2 2 1 20.07 0.03 0.01 0.01 0.02 0.01TAY X X X X X= − + + + −        (5) 

where X1 is the hot water temperature (˚C); X2 is the calcium chloride concen-
tration in the solution (%). 

In a similar way for banana fruits, it can be seen from Table 2(b), Table 3(b) 
and Table 4(b) that the statistical models for ash, firmness and vitamin C con-
tent were suitable for describing the Cavendish banana fruits experimental data 
where the responses were statistically affected by the independent variables (p < 
0.05). The model presented high values of determination coefficient for a statis-
tical model (R2 ≥ 0.80) and predicted responses with R2 < 0.80 showed statistical 
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models lack of adjustment. Thus, only the models for ash, firmness and vitamin 
C are presented “(6, 7 and 8)”: 

2 2
1 1 2 2 1 20.63 0.01 0.08 0.02 0.08 0.09ashY X X X X X X= + − + + −       (6) 

2 2
1 1 2 2 1 27.75 1.41 0.32 0.17 0.17firmnessY X X X X X X= − + − − −        (7) 

2 2
1 1 2 2 1 21.68 0.11 0.21 0.15 0.29 0.57vit CY X X X X X X= − − − + −       (8) 

where X1 is the hot water temperature (˚C); X2 is the calcium chloride concen-
tration in the solution (%). 

The surface responses from the predicted models of Keitt mangoes b*, pH and 
titratable acidity are presented in Figures 1-3, respectively. These graphics re-
flect the influences of two independent variables, namely, hot water temperature 
(˚C) and calcium chloride concentration in the solution (%). The increase in b* 
(yellowness or blueness) was observed with low or high values of hot water and 
calcium chloride concentration where optimal ranged from 55˚C to 65˚C and 
0.88% to 2.5% or 45˚C to 50˚C and 4% to 5.12% (Figure 1). 

 

 
Figure 1. Surface responses from the predicted model of b* colour attribute of mango 
fruits. 

 

 
Figure 2. Surface responses from the predicted model of mango fruits pH. 
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Figure 3. Surface responses from the predicted model of mango titratable acidity. 

 
Therefore, mango fruits which were subjected to high or low hot water dip-

ping and calcium chloride treatment (40˚C to 50˚C and 0.88% to 2.5% or 60˚C 
to 65˚C and 4% to 5.12%) produced significantly higher peel colour score show-
ing more yellowness than blueness which might be due to creation of a physical 
barrier against gas exchange from fruit surface, that may have reduced oxygen 
intake which is necessary for the biodegradation of chlorophyll [40]. 

The influences of hot water temperature (˚C) and calcium chloride concentra-
tion in the solution (%) on mango fruits showed increased pH values with X1 
and X2 extreme combination where optimal was found at central coded va-
riables’ value ranged from 52˚C to 57˚C and 2.5% to 3.5% (Figure 2). 

Reports on both hot water and calcium chloride on the Keitt mango fruits pH 
are scarce but the reference [41] assessing the effect of hot water treatment on 
quality and shelf-life of Keitt mango reported increasing trend in the pH values 
while the hot water temperature and the processing time were increasing, con-
trasting with this work where the optimum point is know. 

High mango fruits titratable acidity values were found when was combined 
low hot water temperature (˚C) with high calcium chloride concentration in 
the solution (%) and the optimal ranged from 45˚C to 50˚C and 4.5% to 5.5% 
(Figure 3). 

Reference [10] assessing the changes in Acidity, TSS, and Sugar Content at 
Different Storage Periods of the Postharvest Mango (Mangifera indica L.) re-
ported high titratable acidity values (2.47% for Khirshapat and 3.77% for Langra 
varietis) of raw material but after treating with Bavistin DF the acidity was simi-
lar as reported in this work, and also, high Bavistin level presented high titrata-
ble acidity showing that regardless of variety or chemical used, mangoes fruits 
acidity improve with high treatment level. The results of this work are, also, in 
concordance with the reference [41] where low hot water temperature showed 
high titratable acidity. 

The surface responses from the predicted models of banana fruits ash, firm-
ness and vitamin C content are presented in Figures 4-6, respectively. These  
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Figure 4. Surface responses from the predicted model of banana ash. 
 

 

Figure 5. Surface responses from the predicted model of banana firmness. 
 

 

Figure 6. Surface responses from the predicted model of banana vitamin C. 
 

graphics reflect the influences of two independent variables, namely, hot water 
temperature (˚C) and calcium chloride concentration in the solution (%).  

Figure 4 shows the increase in the ash content with high hot water tempera-
ture and low calcium chloride concentration or low hot water temperature and 
high calcium chloride concentration. The optimal conditions for banana treat-
ment ranged from 50˚C to 55˚C of hot water temperature and 2% to 3% of cal-
cium chloride concentration. Ash is considered among the chemical characteris-
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tics that define quality of a food [42] but certain treatments may be proposed to 
accelerate the degradation process, to prevent overall losses of minerals, or to 
improve the retention of critical components in food. Reference [38] used cal-
cium carbide treatment, hot water treatment, dried plantain leaves treatment, 
smoked treatment and then polythene bag treatment as induced ripening me-
thods and reported that hot water presented the lowest ash content followed by 
the control and calcium carbide treatment, meaning that those three treatments 
were not acting as ripening inductor but qualities maintainers treatments. Ash of 
foods is mineral contents having sodium, calcium, phosphorus and potassium, 
iron, and magnesium that make it valuable not only as a raw material for indi-
genous soap industries but also in the treatment of soils for acidity [31] [32] and 
[37]. 

The increase in firmness was observed with any values of calcium chloride 
concentration and hot water optimal ranged from 40˚C to 50˚C (Figure 5). Ref-
erence [43] reported that temperatures higher than 57˚C for 7 - 9 min caused 
defects on the banana peel. However, during this current study, no banana fruit 
peel was damaged. 

Reference [44] assessing the effects of different concentration and applications 
of calcium on storage life and physicochemical characteristics of papaya (Carica 
Papaya L.) observed that calcium infiltration treatment at 2.5% significantly af-
fected firmness followed by calcium infiltration treatments at 3.5% and 1.5%, 
respectively compared with control treatment after storage (without calcium 
treatment). In this reference [44] report, the infiltration treatment at 2.5% dem-
onstrated the best effect on maintaining fruit firmness compared with other 
treatments. Differently with the results obtained in this work where calcium dip 
treatments at 0.88% to 5.12% significantly improved maintenance of fruit firm-
ness but maintenance of firmness tended to be higher in 3% treated samples. 
The desired effect of calcium infiltration at 3% on maintaining fruit firmness 
may be due to the calcium binding to free carboxyl groups of polygalacturonate 
polymer, stabilizing and strengthening the cell walls. 

A firming effect by a combination of calcium chloride dip and heat treatment 
has also been shown in fresh cut melons by the reference [45]. These results may 
indicate that the firming effect is accompanied by improved water holding ca-
pacity due to a more cross linked pectin network. Additionally, higher water 
holding capacity could be related to increased firmness due to higher turgor 
pressure which is supported by higher moisture content and hardness attributes 
obtained with infiltration treatment at 3%. 

Figure 6 shows the increase in the vitamin C content with high hot water 
temperature and low calcium chloride concentration or low hot water tempera-
ture and high calcium chloride concentration. The optimal preservation condi-
tions ranged from 50˚C to 55˚C of hot water temperature and 2% to 3% of cal-
cium chloride. Reference [43] treated two different varieties of banana, ‘Bari Ko-
la’ and ‘Sabri Cola’, with six different combinations of hot water temperatures 
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and times. The bananas treated with combinations of 53˚C for 9 min or 55˚C for 
7 min exhibited reduced vitamin C content, however, in the current work, the 
observations were different. Reference [46] treated apple with 0% to 4% CaCl2 
and stored the fruit at 2˚C and found that ascorbic acid content ranged between 
200% - 400% in calcium treated fruit as compared to the control (untreated). 
They found that CaC12 treated fruit were firmer and had more ascorbic acid 
than untreated fruit results. These observations are similar to those of the cur-
rent study. This increase in vitamin C content was reported by the references 
[44] for papaya treated with CaCl2, [47] on Royal Delicious Apples (Malus x 
domestica Borkh) treated with calcium sprays and postharvest hot water and 
[36] assessing the effects of sodium and calcium treatments on pomegranate, but 
the reference [43] reported decreased vitamin C content after treating banana 
fruit with different temperature and time, and [39] assessing the effect of hot 
water and calcium solution dipping on quality in kiwi-fruit observed mainten-
ance of vitamin C content. 

In a hot water and calcium chloride treatment, the optimum condition is the 
one that carries out to the higher firmness and the maintenance of ash and vita-
min C content. For Cavendish banana fruits hot water dipping and calcium 
chloride treatment, the performed statistical analysis based on the CCD resulted 
on the following ranges: 50˚C to 60˚C of hot water temperature and 2% to 3% 
calcium chloride concentration. 

3.5. Optimization of Process Variables through the Desirability 
Function 

The results obtained by central composite design (CCD) showed that only the 
predicted models of b*, pH and mango fruits titratable acidity were adjusted to 
describe the experimental data. Thus, the hot water dipping and calcium chlo-
ride treatment process optimization of Keitt mango fruits, using the desirability 
function and considering the condition of the process that results in the higher 
titratable acidity, the maintenance of b* and reducing the pH values, was per-
formed. 

Simultaneous evaluation of mangoes responses in total desirability profile is 
shown in Figure 7. By applying the desirability function, the optimal conditions 
of the hot water dipping and calcium chloride treatment of Keitt mango fruits 
are 55˚C of hot water temperature and 3% of calcium chloride concentration. 
Under these conditions, b* colour attribute is maintained, pH is reduced and 
fruit titratable acidity is maximized, which presented predicted values of 20.07%, 
4.05% and 0.07%, respectively. 

In a similar way, the results obtained by central composite design (CCD) for 
banana fruits showed that only the predicted models of firmness, ash and vita-
min C were adjusted to describe the experimental data. Thus, the hot water dip-
ping and calcium chloride treatment process optimization of Cavendish banana 
fruits, using the desirability function and considering the condition of the  
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Figure 7. Profile for mango fruits predicted values and desirability. 

 

 
Figure 8. Profile for banana fruits predicted values and desirability. 

 
process that results in the higher firmness and the maintenance of ash and vita-
min C content, was performed. 

Simultaneous evaluation of responses in total desirability profile is shown in 
Figure 8. By applying the desirability function, the optimal conditions of the 
hot water dipping and calcium chloride treatment of Cavendish banana fruits 
are, coincidentally, 55˚C of hot water temperature and 3% of calcium chloride 
concentration. Under these conditions, firmness is maximized, ash and vita-
min C maintained, which presented predicted values of 7.75 Pa, 0.63% and 
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1.68 mg/100g, respectively. 
Optimal results were validated through an experiment on the optimal point. 

The Keitt mango fruits experimental data obtained (b* = 20.14, pH = 4.01 and 
titratable acidity = 0.08%) were similar to the responses predicted by the models, 
and the standard deviations were relatively low (0.19, 0.12 and 0.01, respective-
ly), indicating that the models suit the responses. 

For Cavendish banana fruit, the experimental obtained values (firmness = 7.77 
Pa, ash = 0.62% and vitamin C = 1.66 mg/100g) were, also, similar to the res-
ponses predicted by the models, and the standard deviations were relatively low 
(0.03, 0.03 and 0.01, respectively), indicating that the models suit the responses. 

4. Conclusion 

The central composite design (CCD) allowed to conclude that the optimization 
process of Keitt mango and Cavendish banana fruits was significantly influenced 
by the two variables studied namely, hot water dipping and calcium chloride 
treatment concentration and the methodology of simultaneous optimization us-
ing desirability function as applied in this study proved to be an efficient statis-
tics tool in maintaining b* mango colour attribute, reducing fruit pH and max-
imizing fruit titratable acidity and also, maximizing the banana fruit firmness 
and maintaining the ash and vitamin C content and the optimum obtained was 
55˚C of hot water temperature and 3% of calcium chloride concentration. 
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Abstract 
The effects of exogenously administered ethanolamine (Etn) on the N-ni- 
trosodiethylamine (NDA)-induced formation of hepatic lesions in rats were 
investigated. Sprague-Dawley rats were intraperitoneally administered NDA 
(100 mg/kg body weight) at 7-day intervals, and the animals were allowed free 
access to water containing Etn (15 or 50 mg/L) for 35 days. NDA-induced 
hepatic lesions were assessed according to the number of nodules detectable 
on the liver surface, areas of clear cell foci observed on histopathological thin 
sections, hydroxyproline levels in liver homogenates, and blood biochemical 
marker levels. Compared with those from control rats that were not adminis-
tered Etn, livers from Etn-exposed rats had significantly fewer surface nodules 
and smaller areas of clear cell foci, indicating that Etn prevented or delayed 
the formation of preneoplastic cell alterations. Hydroxyproline levels in livers 
were significantly lower in Etn-treated rats, indicating that the chemical pre-
vented the formation of fibrotic alterations. The protective effects of Etn on 
NDA-induced hepatic lesions were demonstrated by changes in blood bio-
chemical marker levels. These results suggest that Etn can protect against cel-
lular alterations induced by a carcinogenic chemical, possibly by enhancing 
hepatic phospholipid synthesis. 
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1. Introduction 

Ethanolamine (Etn) is a nutrient synthesized from serine in vivo or supplied 
from food, and it is metabolized as a substrate for synthesizing phosphatidyle-
thanolamine (PE), one of the major phospholipids constituting the mamma-
lian cell membrane. In most cells, Etn is phosphorylated, after which it com-
bines with 1,2-diacylglycerol to form PE. Synthesized PE is integrated into 
membranes [1] [2] [3] [4]. In hepatocytes, a second pathway for synthesizing 
phosphatidylcholine (PC) in addition to the major pathway involving choline 
combining with 1,2-diacylglycerol exists; specifically, three methyl molecules 
provided from S-adenosylmethionine are added to the Etn moiety in PE to 
generate PC [5]. Approximately 30% of PC in hepatocytes is produced by the 
secondary pathway [6]. 

It was reported that Etn accelerates the proliferation of cultured cells, in which 
the agent promotes PE synthesis concomitantly [7]. It was also reported that Etn 
enhances the proliferation of hepatocytes in primary culture by potentiating the 
action of growth factors [8] [9]. Although the mechanism of potentiation is un-
known, one evident point is that PE and PC synthesis is apparently associated 
with cell growth activation by Etn in hepatocytes [10]. 

Stimulation of cell proliferation by Etn is observed in the regenerating liver 
after partial hepatectomy, in which PE and PC synthesis is enhanced [8] [11]. In 
the regenerating liver, cell proliferation is stimulated by growth factors such as 
HGF and EGF [12] [13]. It is speculated that Etn potentiates the activity of 
growth factors in regenerating areas. During this activity, reorganization of the 
newly regenerating liver tissue occurs. In Etn-exposed livers, hepatocyte prolife-
ration is enhanced in regenerating areas of the liver without causing structure 
distortion. 

If the liver is injured by chemical substances, then liver regeneration occurs 
[14]. In damaged areas in injured livers, both cell proliferation and tissue reor-
ganization proceed. If hepatotoxic chemicals are repetitively administered, inju-
ries are continually induced. In injured areas, hepatocyte proliferation will start 
each time chemicals are administered before structure reconstruction is com-
pleted. Growth factors such as HGF exert a protective effect against the progres-
sion of liver injury [15] [16]. This effect might be due to the activation of cell 
proliferation and metabolism of hepatocytes by growth factors. Growth factors 
can activate many different metabolic pathways including detoxifying systems 
such as the antioxidant system, which metabolizes reactive oxygen species to in-
active molecules [17]. 

As Etn activates growth factors, it is speculated that the agent can exert an 
enhanced protective effect on chemically induced liver injury. This protection 
might reduce the frequencies of the cycle of damage and restoration. In this pa-
per, the effect of Etn on liver injury induced by repetitive administration of 
N-nitrosodiethylamine (NDA), which is known to induce liver injury with fibro-
sis, was assessed. 
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2. Materials and Methods 
2.1. Experimental Animals 

Sprague-Dawley rats (male, 7 weeks old, Charles-River Japan) were maintained 
under 50% humidity and a 12-h/12-h light/dark cycle and allowed free access to 
water and animal diet. The rats were acclimated to the diet and environment for 
7 days. Chemical administration was started on the 8th day (Day 0). Animal ex-
periments were approved by the Food Science Institute of Meiji Co. Ltd. and 
followed the Guide for the Care and Use of Laboratory Animals (National Re-
search Council, USA). 

2.2. Induction of Hepatic Injuries Induced by Chemical 
Administration and Animal Treatment 

NDA suspended in saline was peritoneally administered at a dose of 100 
mg/2mL/kg body weight on Days 0, 7, 14, 21, and 28. 

Etn HCl (Wako, Japan) was dissolved in water at a concentration of either 15 
or 50 mg Etn/L on Days 0 - 34. The average volume of water the rats ingested 
throughout the experimental period was 23 mL/day/rat. Based on this volume, 
the amounts of Etn administered were 0.35 and 1.15 mg Etn/day/rat at Etn con-
centrations of 15 and 50 mg/L, respectively. 

2.3. Blood Collection and Liver Resection 

Rats were fasted 24 h before dissection, and blood was collected via the des-
cending aorta. After coagulation, serum was separated by centrifugation and 
used for biochemical analyses. The liver of each animal was resected after blood 
collection. The right lobe of the resected liver was dissected into two parts. One 
part was fixed in 10% formalin, and the other was frozen at −80˚C for further 
analyses. All sample collections were performed after animals were anesthetized 
using Nembutal. 

2.4. Biochemical Analysis 

The collected sera were subjected to biochemical analyses to measure alanine 
aminotransferase (ALT, IU/L), aspartate aminotransferase (AST, IU/L), 
γ-glutamyl transferase (γ-GTP, IU/L), alkaline phosphatase (ALP, IU/L), and 
bilirubin (mg/dL) levels. These biochemical markers were assayed using ap-
propriate colorimetric assay kits (Wako, Japan). 

2.5. Assessments of Hepatic Lesions and Alterations 

The surfaces of both the dorsal and ventral sides of resected livers were photo-
graphed. White and round nodules detected on the surfaces of both sides were 
counted. The right lobe of each resected liver was processed to prepare thin pa-
raffin sections, which were stained using Masson’s trichrome. Microscopic fields 
of stained preparations from all resected livers were randomly selected and digi-
tally photographed. Three photographed fields were analyzed using ImageJ 

https://doi.org/10.4236/fns.2017.810067


H. Sasaki 
 

 

DOI: 10.4236/fns.2017.810067 939 Food and Nutrition Sciences 
 

software (National Institutes of Health, Bethesda, MD, USA) to assess areas of 
clear cell foci. The areas of clear cell foci were expressed as relative ratios to the 
total area of a field. 

2.6. Hydroxyproline Quantification 

Fifty milligrams of the right lobe were hydrolyzed in saturated HCl for amino 
acid analysis. Amino acids were quantified using the PTH-amino acid method. 

2.7. Statistical Analysis 

All results were analyzed using Dunnett’s test. 

3. Results 

On the liver surface, white and round nodules were found as alterations induced 
by NDA administration (Figure 1(a)). These nodules were predominantly found 
in the livers of rats administered NDA alone, whereas nodule counts were sig-
nificantly lower in Etn-treated rats (Figure 1(b)). These macroscopically ob-
served alterations are considered structures primarily formed due to neoplastic 
changes in hepatocytes and distortions of hepatic lobes. The results indicate that 
Etn prevented or delayed these changes. 

Cellular alterations were found in histopathological sections. Three types of 
cellular alterations have been identified in the livers of NDA-administered rats, 
namely clear cell, basophilic, and acidophilic foci. Among these types of foci, 
clear cell foci were predominant in the livers of rats in this experiment (Figure 
2(a)). Clear cell foci were significantly less numerous in Etn-administered rats 
than in those only treated with NDA (Figure 2(b)). The microscopically ob-
served cellular alterations are believed to correspond to the inner structures of  

 

 
Figure 1. Nodules on the liver of an NDA-treated rat. (a) White spots were observed lo-
cated inside the resected liver. The ventral side is shown. The ruler is scales in centime-
ters. (b) White spots observed through the surface of the resected livers were counted. 
The total counts on both dorsal and ventral sides were plotted. Rats were administered 
Etn in drinking water at a concentration of 15 or 50 mg/L. The results are expressed as 
averages and standard errors. *p < 0.05, **p < 0.01. 
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Figure 2. Histopathological observation of the liver resected from a rat administered 
N-nitrosodiethylamine. (a) Clear cell foci and fibrotic structures at the peripheries of the 
foci are detected. (b) Areas of clear cell foci on histopathological preparations were 
measured. Three microscopic fields were randomly selected and photographed. Areas of 
clear cell foci were calculated using ImageJ. The areas of the foci were converted to ratios 
relative to the total area of the field. Results are expressed as averages and standard errors. 
*p < 0.05, **p < 0.01. 

 
the macroscopically observed alterations on the surfaces of the resected livers. 
The results indicate that the structural alterations detected by macroscopic ob-
servations consisted of neoplastic changes in hepatocytes, which indicate an ear-
ly stage of tumorigenesis.  

The other dominant alteration found on histopathological sections was fibro-
sis. Structures stained blue on histological sections using Masson’s trichrome 
consist of collagen fibers typical of hepatic fibrosis. Histological sections of livers 
of NDA-treated rats exhibited blue fibrotic structures surrounding lesions, indi-
cating the development of severe fibrosis (Figure 2(a)). 

To quantitatively assess the severity of fibrosis, levels of hydroxyproline, a 
collagen-specific amino acid, in hydrolyzed liver tissue were measured. Hy-
droxyproline levels were significantly lower in the livers of Etn-treated rats than 
in control animals administered only NDA (Figure 3). The results indicate that 
Etn ameliorated NDA-induced fibrosis in a quantitative manner. 

Lesions formed in livers were assessed according to blood biochemical 
marker levels. Levels of AST, which can denote liver injury were lower in rats 
administered Etn than the control rats that only received NDA (Figure 4), 
whereas those of ALT were decreased by Etn administration without signific-
ance. Meanwhile, those of γ-GTP, ALP, and bilirubin, which are indicative of 
biliary dysfunction, were also depressed in Etn-treated rats (Figure 5). Com-
pared to AST levels, which were significantly different depending on the Etn 
concentration, those of ALT were not affected by the Etn concentration. The 
low AST/ALT ratio indicates that the biliary lesions were more dominant than 
hepatocyte destruction [18]. This finding is correlated with the elevated levels 
of the other enzymes. 

https://doi.org/10.4236/fns.2017.810067


H. Sasaki 
 

 

DOI: 10.4236/fns.2017.810067 941 Food and Nutrition Sciences 
 

 
Figure 3. The amounts of hydroxyproline in the homogenates of livers were estimated via 
amino acid analysis. Amounts were expressed as weights per gram of the liver. Results are 
expressed as averages and standard errors. *p < 0.05, **p < 0.01. 

 

 
Figure 4. The activities of aspartate aminotransferase (AST) and alanine aminotransfe-
rase (ALT) were measured. Results are expressed as averages and standard errors. *p < 
0.05. 

 

 
Figure 5. The activities of γ-glutamyl transferase (γ-GTP) and alkaline phosphatase (ALP), and the level of bilirubin were meas-
ured. Results are expressed as averages and standard errors. 

4. Discussion 

This study described the effects of Etn on hepatic injuries induced by NDA in 
rats. The major findings were that Etn prevented the formation of preneoplastic 
lesions, and clear cell foci, and it also prevented the development of fibrosis at 
the periphery of the foci. 

Etn enhances hepatocyte proliferation following hepatectomy [8]. Because Etn 
enhances PE synthesis in hepatocytes [11], it is speculated that Etn enhances 
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hepatocyte proliferation by stimulating phospholipid synthesis. In the livers of 
NDA-treated rats, the recovery of hepatocytes from damage might be enhanced 
by the administration of Etn. This speculation might explain the small increases 
in the levels of AST, a marker of hepatocyte destruction. Contrary to AST levels, 
ALT levels remained high, and the effects of Etn were not as evident as those on 
AST. These differing effects of Etn might derive from differences in the sites of 
damage in the liver. Repetitive NDA administration might induce cycles of he-
patocyte damage and recovery. Concomitantly, hepatic lobular structures in-
cluding biliary structures might be damaged. Damaged hepatocytes might re-
cover by the next NDA insult, whereas damaged biliary structures might not 
have been reconstructed between cycles of NDA treatment, resulting in progres-
sive structural damage of biliary systems. 

The carcinogenic potency of NDA is attributed to its capabilities to induce 
DNA damage and oxidative stress. NDA can alkylate DNA via cytochrome p450, 
which damages DNA structures and results in mutated genomic structures [19]. 
NDA causes oxidative stress by producing reactive oxygen species (ROS). ROS 
mediates the induction of DNA damage [20] [21], which can result in altered 
gene expression and carcinogenesis. 

Whereas ROS mediates carcinogenesis by damaging DNA, it oxidizes lipids in 
cell membranes and cytoplasmic proteins, inducing cell death and thus lesion 
formation [22] [23]. In damaged livers, hepatocytes in areas surrounding lesions 
start to proliferate and reorganize to restore tissues. If NDA is repetitively admi-
nistered, hepatocytes in injured areas and their vicinities might be continually 
damaged, resulting in the formation of chronic lesions. In such tissues, only he-
patocytes with mutated DNA might survive and proliferate, resulting in carci-
nogenesis. 

Foci of cellular alterations have been observed in rats in the early stages of 
chemically induced hepatic carcinogenesis. Principally, three types of foci of 
cellular alterations have been identified in the livers of NDA-treated rats, specif-
ically clear cell, basophilic, and acidophilic foci [24] [25] [26]. It was reported 
that clear cell foci become predominant prior to formation of the other foci [25]. 
It was speculated that clear cell foci are formed by glycogenic cells [24]. Al-
though the details of glycogenic cell formation are unclear, hepatocytes are sti-
mulated to accumulate glycogen following NDA exposure. These hepatocytes are 
detected as clear cells because cytoplasmic glycogen is washed away during the 
histopathological preparation process. The predominance of clear cell foci in 
livers in this report might be due to the administration schedule of NDA. 

At the peripheries of clear cell foci, fibrotic structures were observed, as 
viewed on histopathological preparations (Figure 2(b)). The abundance of fi-
brotic structures was confirmed by analyzing hydroxyproline levels in livers 
from non-Etn-exposed rats. In chemical-induced hepatic lesions, pseudolobes 
are formed when foci of cellular alterations are formed. Pseudolobes consist of 
foci of cellular alterations on the inside and fibrotic structures at the periphery. 
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In Etn-treated rats, clear cell focus formation was suppressed. It is speculated 
that suppressed formation of fibrotic structures is due to the suppression of fo-
cus formation. 

Oxidative stress caused by ROS production is rapidly induced in the liver after 
NDA administration. This stress induces alterations in the antioxidant system. For 
example, the glutathione S-transferase and aldo-keto reductase superfamilies are 
upregulated [21]. These machineries function to reduce oxidative stress by con-
verting ROS to unreactive molecules. Oxidative stress can cause hepatic injuries, in 
which hepatic regeneration occurs as a repair process. In regenerating loci in the 
liver, hepatocyte proliferation is induced by growth factors. In proliferating hepa-
tocytes, when the machinery for cell proliferation is activated, those for other 
events such as metabolic reactions including the antioxidant system are also acti-
vated. Etn might potentiate the action of growth factors in the regenerating loci, 
eventually enhancing both hepatocyte proliferation and metabolic reactions. Acti-
vation of metabolic reactions will affect the antioxidant system. An activated anti-
oxidant system will reduce ROS levels, thus suppressing oxidative stress. 

Etn can act as a cofactor to enhance the activity of hepatocyte-specific growth 
factors [8]. Etn is a substrate for the synthesis of PE in many types of cells. In he-
patocytes, PE is utilized to synthesize PC; specifically, PE is derivatized to PC by 
the action of the hepatocyte-specific enzyme PE methyltransferase (PEMT) [5]. 
These phospholipid metabolic pathways in hepatocytes might serve as cofactors to 
enhance the activity of growth factors. Indeed, after partial hepatectomy, in which 
hepatocyte regeneration occurs, enhanced PE synthesis is observed. In the mean-
time, PC synthesis via the PEMT pathway is enhanced. Consequently, a significant 
increase in the PE ratio was detected [11]. Therefore, enhancement of PE synthesis 
is a necessary event for hepatocyte proliferation in regenerating livers. 

Regarding the requirement of Etn for cell proliferation, cells are classified into 
two types, Etn-responsive and Etn-nonresponsive. In Etn-responsive cells, Etn 
enhances both PE synthesis and cell proliferation. In these cells, PE synthesis is a 
requisite for cell proliferation. Hepatocytes are apparently Etn-responsive [8]. 
The de novo synthesis of PE that occurs in the presence of lower levels of Etn is 
not sufficient to enhance hepatocyte function. Higher levels of PE synthesis are 
necessary to maintain the proliferative and metabolic activities of cells. In rege-
nerating livers, Etn might enhance hepatocyte proliferation concomitantly with 
enhanced metabolism. Therefore, steady-state levels of Etn might not be suffi-
cient to efficiently activate hepatocyte function in regenerating livers following 
hepatectomy or NDA treatment. For more efficient hepatocyte function, ex-
ogenously administered Etn might be required. 

5. Conclusion 

The results in this report suggest that Etn can protect against cellular alterations 
induced by the carcinogenic chemical, NDA, presumably by enhancing hepatic 
phospholipid synthesis. Steady-state levels of Etn might not be sufficient to effi-
ciently activate hepatocyte function in regenerating livers following NDA treat-
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ment. For more efficient hepatocyte proliferation and metabolic activity, ex-
ogenously administered Etn might be required. 
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Abstract 
Antimicrobial efficacy of three novel organic sanitizers, CHICO Wash™, 
C8C10 and CG100, was evaluated for the reduction of Escherichia coli 
O157:H7 during flume-washing of organic leafy greens. Organic formulations 
at various concentrations: CHICO (C3H8I0C3O7) Wash™ (1:20 ratio) and C8C10 
and CG100 (0.2 and 0.4%), along with the controls: hydrogen-peroxide and 
water, were used for washing organic baby and mature spinach and romaine 
and iceberg lettuce. Leafy greens were inoculated with a 2-strain cocktail of E. 
coli O157:H7 (6 logs CFU/mL) and washed in each treatment for 1 or 2 mi-
nutes. The treated leafy greens were stored at 4˚C and surviving pathogen 
populations determined on days 0, 1, and 3 of storage. Organic sanitizers, for 
both treatment times, significantly (P < 0.05) reduced E. coli O157:H7 on all 
the leafy greens during storage. Highest reduction (3.4 logs CFU/g) was ob-
served after treatment with CG100 (0.4%) in romaine lettuce, while CHICO 
Wash™ showed greater than 2 logs CFU/g reduction on all the leafy greens, by 
day 3. This study demonstrates the potential application of organic sanitizers 
in flume-washing of organic leafy greens for the reduction of E. coli O157:H7. 
 

Keywords 
Organic Sanitizers, Escherichia coli O157:H7, Organic Leafy Greens, 
Antimicrobials 

 

1. Introduction 

Over the past two decades, fresh produce has become an important part of the 
modern diet. At the same time, increased consumer demand for organic fresh 
produce in the United States (US), has resulted in it being the top selling catego-

How to cite this paper: Litt, P.K., Brooks, 
J. and Jaroni, D. (2017) Evaluation of Or-
ganic Acid-Based Sanitizers for Reduction 
of Escherichia coli O157:H7 during Flume- 
Washing of Organic Leafy Greens. Food 
and Nutrition Sciences, 8, 946-960. 
https://doi.org/10.4236/fns.2017.810068 
 
Received: September 8, 2017 
Accepted: October 21, 2017 
Published: October 24, 2017 
 
Copyright © 2017 by authors and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/  

  
Open Access

http://www.scirp.org/journal/fns
https://doi.org/10.4236/fns.2017.810068
http://www.scirp.org
http://www.scirp.org
https://doi.org/10.4236/fns.2017.810068
http://creativecommons.org/licenses/by/4.0/


P. K. Litt et al. 
 

 

DOI: 10.4236/fns.2017.810068 947 Food and Nutrition Sciences 
 

ry of organically-grown food. In a recent report by the Organic Trade Associa-
tion (OTA) and US Department of Agriculture-Economic Research Services 
(USDA-ERS), fresh produce accounted for 43 percent of organic food sales in 
2012, followed by other organic food products [1] [2] [3]. However, fresh pro-
duce represents a high-risk food commodity due to the high number of reported 
outbreaks in the last two decades. It has been estimated that over 46% of food-
borne illness outbreaks are caused by fresh produce [4] [5]. In recent years, 
foodborne outbreaks and recalls associated with organic fresh produce have also 
been reported. According to the Centers for Disease Control and Prevention 
(CDC), foodborne pathogens implicated in these outbreaks and recalls include 
Escherichia coli O157:H7, Listeria monocytogenes, Salmonella and Hepatitis A 
[6] [7] [8]. Escherichia coli O157:H7 is a serious public health concern due to the 
illnesses caused by this foodborne pathogen. Hemolytic uremic syndrome (HUS) 
is one of the most severe infections caused by E. coli O157:H7, which can lead to 
kidney failure, predominantly in children, elderly, and immunocompromised 
individuals [9]. More than 96,534 foodborne illness cases and 61 deaths, each 
year in the US, are linked to this pathogen [4]. From 1998 to 2008, 49 states re-
ported 350 E. coli O157:H7 outbreaks, of which 52% were foodborne and 22% of 
these cases were associated with fresh produce [5] [10]. 

Fresh produce is a highly susceptible food commodity for pathogen manife-
station, throughout the production chain. Various factors such as contaminated 
soil, manure, irrigation water and wild birds or animal dropping can mediate 
pathogen transmission to fresh produce [11] [12]. As a result, several interven-
tion techniques, for maintaining food safety, have been employed by the fresh 
produce industry. However, strict regulations imposed on organic foods by the 
USDA-National Organic Program (USDA-NOP), prevent the use of certain an-
timicrobials, when sanitizing, handling or packaging organic produce [13] [14]. 
The USDA-NOP-approved disinfectants or sanitizers allowed in the wash water 
for organic fresh produce include, chlorine (4 ppm, residual), peroxy-acetic acid, 
hydrogen-peroxide, and ozone [15]. Hydrogen-peroxide is an effective antimi-
crobial due to its strong oxidative activity [16] [17] [18]. Sapers and Sites [19] 
reported that 1% hydrogen-peroxide had an equal effect against E. coli O157:H7 
than 200 ppm chlorine when applied on apples. However, its efficacy is limited 
to certain produce and pathogens types [16] [20] [21]. In a study by Beuchat 
[16], less than 1 log reduction in Salmonella population was observed on canta-
loupe cubes treated with 2% hydrogen-peroxide. Additionally, Denton et al. [22] 
reported that 3% hydrogen-peroxide treatment reduced E. coli O157:H7 popula-
tions by less than 2 logs on baby spinach compared to that on romaine lettuce. 
Furthermore, in shredded lettuce and mushrooms, hydrogen-peroxide has 
shown to cause severe browning [23] [24] and therefore, may not be suitable for 
all produce types. It is therefore necessary to seek effective alternatives to control 
foodborne pathogens in organic fresh produce. 

For several decades, organic acids and compounds have been used as food addi-
tives, preservatives and antimicrobial treatments [25]. Organic acids, such as citric 
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acid-based sanitizers, fall under the GRAS (Generally Recognized As Safe) catego-
ry and have shown antimicrobial activity against foodborne pathogens [26]. Sever-
al research studies have looked at the effects of organic acids and compounds for 
disinfecting fresh produce [23] [26] [27]. Their use as sanitizers in the organic 
fresh produce industry is therefore becoming widely popular. Citric acid-based sa-
nitizer, CHICO Wash™ (C3H8I0C3O7), is approved organic sanitizer by Food and 
Drug Administration (FDA), and has been used by the food industry to minimize 
microbial contamination in fresh or minimally processed fruits and vegetables. 
Additionally, studies have shown that the efficacy of CHICO Wash™ is minimally 
affected by the presence of organic matter in food products [28], and hence could 
be used as an alternative to conventional sanitizers. However, very few sanitizers 
with an organic make-up have been tested against E. coli O157:H7 in organic leafy 
greens. The present study investigated the efficacy of three organic acid-based, 
novel sanitizers (CHICO Wash™, C8C10, and CG100), in reducing E. coli 
O157:H7 on organic leafy greens during flume-washing and subsequent storage at 
4˚C. Due to their chemical makeup, these organic sanitizers can be added to the 
list of approved organic sanitizers currently used in the industry. 

2. Materials and Methods 
2.1. Bacterial Culture Preparation 

Two E. coli O157:H7 strains (ATCC 43888, and ATCC 43895) were used to pre-
pare a cocktail for the study. Each strain was revived from the frozen (−80˚C) 
stock-culture and maintained on tryptic soy agar (TSA; Acumedia, Lansing, MI) 
at 4˚C. One day prior to the experiment, one to two colonies from the TSA plate 
were inoculated into 9 mL tryptic soy broth (TSB; Bacto™, BD, Sparks, MD) and 
incubated at 37˚C for 18 - 24 hours. To obtain an overnight culture, 1 mL of the 
resulting culture was transferred to 9 mL TSB and incubated at 37˚C for 18 - 20 
hours. On the day of the experiment, a cocktail (1:1) from the overnight cultures 
of the two E. coli O157:H7 strains was prepared and further diluted in buffered 
peptone water (BPW; Oxoid Ltd., Basingstoke, Hampshire, England) to obtain 
the dip inoculum (6 logs CFU/mL) for leafy greens. 

2.2. Antimicrobial Treatment Preparation 

The following organic-acid based sanitizers (provided by E3 Organics, Orland, 
CA) were tested: CHICO (C3H8I0C3O7) Wash™ (pH 1.35), C8C10 (pH 1.93) and 
CG100 (pH 1.64). The CHICO Wash™ was prepared at a 1:20 ratio (CHICO:water; 
v:v), while the C8C10 and CG100 treatments were prepared at 0.2 and 0.4% 
concentrations (v:v) in sterile distilled water. Hydrogen-peroxide (3%) and ste-
rile distilled water were used as control treatments with each experiment.  

2.3. Organic Leafy Greens Preparation 

The organic leafy greens tested were, bunched mature spinach, bagged baby spi-
nach, and romaine and iceberg lettuce heads. Organic leafy greens were bought 
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on the day of the experiment from a local store, transported on ice, and stored at 
4˚C until use. Running tap water (room temperature (RT); 23˚C - 25˚C) was 
used to wash the greens thoroughly for 2 minutes to remove any soil or organic 
matter. The outer leaves of romaine and iceberg lettuce and the core of iceberg 
lettuce were removed aseptically. Using sterile scissors, the lettuce leaves were 
cut into 2 × 2 sq. inch pieces. Whole leaves of baby spinach (approximately 1.5 
to 2.0 sq. inch leaves) were used. Bunched mature spinach samples were pre-
pared by separating individual leaves, trimming off the stalks, and cutting the 
leaves into 2 × 2 sq. inch pieces, using aseptic techniques. Leafy greens samples 
were then weighed (400 g); washed with sterile distilled water; and prepared for 
the experiments, as previously described [22] [29]. 

2.4. Antimicrobial Treatment of Organic Leafy Greens 

Prior to the antimicrobial treatments, a 20 g sample of each leafy green was 
removed and placed in a 24 oz Whirl-Pak™ bag (Nasco, Fort Atkison, WI) as the 
negative (un-inoculated) control. The remaining leafy greens were then dip in-
oculated [29] [30] [31] [32] for 2 minutes in the E. coli O157:H7 inoculum (6 
logs CFU/mL). Inoculated leafy greens were then placed under the bio-safety 
cabinet for 30 minutes to facilitate bacterial adherence [22]. A 20 g sample was 
set aside as the positive (inoculated) control, while the remaining greens were 
subjected to the antimicrobial treatments for 1 minute or 2 minutes, as described 
by Denton et al. [22]. Additional neutralization step was performed for the 
treated samples with 180 mL Dey/Engley (D/E) neutralizing broth (Remel Inc., 
Lenexa, KS) for 1 minute [32]. Immediately following, excess liquid was shaken 
off and the leafy greens transferred to Whirl-Pak™ bags and stored at 4˚C for 3 
days. Samples for each treatment, along with the negative and positive controls, 
were collected on days 0 (immediately after treatment), 1, and 3 to determine 
surviving E. coli O157:H7 populations [32]. Surviving pathogen populations, for 
the respective treatments and storage days, were determined by serially diluting 
the samples in BPW and plating on Sorbitol MacConkey agar (SMAC; Remel 
Inc., Lenexa, KS). Plates were incubated at 37˚C for 22 - 24 hours, colonies of E. 
coli O157:H7 (CFU/g) counted after incubation, and converted to log10 CFU/g. 
Log reductions in E. coli O157:H7 populations, for each treatment, were calcu-
lated by subtracting the log values from those obtained for the positive control. 

2.5. Statistical Analysis 

All experiments were repeated three times. Surviving E. coli O157:H7 popula-
tions, recovered after the antimicrobial treatments at each sampling period, were 
converted to log10 CFU/g and mean values of the three replicates obtained. The 
limit of detection was 0.5 log10 CFU/g. Data were analyzed to determine the 
analysis of variance (ANOVA) using PROC GLM and PROC MIXED proce-
dures (SAS v. 9.3 software; SAS Inst., Cary, NC, USA) for main and interaction 
effects of treatments, wash times and storage times for all the leafy greens. Sig-
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nificant differences between treatments were estimated at P < 0.05.  

3. Results 

The results of surviving E. coli O157:H7 populations, after each treatment, are 
shown in Tables 1-4, with log reductions calculated on the basis of values ob-
tained for the positive control. Compared to the positive control (4.5 - 5.0 logs 
CFU/g), all the organic sanitizer treatments significantly (P < 0.05) reduced E. 
coli O157:H7 population in all the tested organic leafy greens, during the 3-day 
storage period at 4˚C. Effects of the treatments on each leafy green are described 
below. 

3.1. Baby Spinach 

The antimicrobial effects of organic sanitizers on organic baby spinach are 
shown in Table 1. The untreated positive control had a pathogen population of 
5.0 logs CFU/g on day 0 of storage at 4˚C. Compared to the positive control, all 
the organic sanitizers showed immediate reduction in pathogen population on  

 
Table 1. Antimicrobial effects of CHICO Wash™, C8C10 and CG100 against Escherichia 
coli O157:H7 population on organic baby spinach with 1-minute or 2-minutes treatment 
exposure time. 

Treatments 
Time  

(minutes) 

Surviving E. coli O157:H7 population*  
(Log10 CFU/g) 

E. coli O157:H7  
Log10 reduction** 

Day 0 Day 1 Day 3 Day 0 Day 1 Day 3 

PC - 5.0 ± 0.5a 4.7 ± 1.0a 4.2 ± 0.3a    

W 1 4.1 ± 0.1a 3.5 ± 0.1b 3.1 ± 0.7b 0.9 1.2 1.1 

HP 1 1.8 ± 0.7b 2.4 ± 0.1c 2.0 ± 0.7c 3.3 2.4 2.2 

CHICO Wash™ 1 2.2 ± 0.7bc 2.4 ± 0.2cd 2.1 ± 0.3c 2.9 2.3 2.1 

C8C10 (0.2%) 1 2.5 ± 0.3bc 2.7 ± 0.3cd 2.8 ± 0.4d 2.5 2.0 1.4 

C8C10 (0.4%) 1 3.2 ± 0.5cd 2.8 ± 0.2cd 3.2 ± 0.8d 1.9 1.9 1.0 

CG100 (0.2%) 1 2.9 ± 0.3cd 2.5 ± 0.3cd 3.0 ± 0.1d 2.1 2.3 1.2 

CG100 (0.4%) 1 2.3 ± 0.2bc 2.7 ± 0.6cd 2.6 ± 0.5c 2.7 2.0 1.6 

W 2 3.7 ± 0.3a 3.1 ± 0.1d 3.1 ± 0.6b 1.4 1.6 1.1 

HP 2 1.9 ± 0.2bc 2.7 ± 0.4cd 1.9 ± 0.4c 3.2 2.1 2.3 

CHICO Wash™ 2 2.6 ± 0.7bc 2.4 ± 0.6c 1.6 ± 0.4c 2.5 2.3 2.6 

C8C10 (0.2%) 2 3.1 ± 0.2d 2.9 ± 0.6cd 2.5 ± 0.2d 1.9 1.8 1.7 

C8C10 (0.4%) 2 3.1 ± 0.3d 3.3 ± 0.6d 2.8 ± 0.0d 1.9 1.5 1.4 

CG100 (0.2%) 2 2.7 ± 0.3cd 2.5 ± 0.6cd 2.6 ± 0.6d 2.4 2.3 1.6 

CG100 (0.4%) 2 2.8 ± 0.1cd 2.7 ± 0.9cd 1.9 ± 0.3c 2.3 2.0 2.3 

PC: Positive Control; W: Water; HP: Hydrogen Peroxide. *Values represent the average of three replica-
tions. Standard deviation (±) for surviving E. coli O157:H7 population (Log10 CFU/g) follows mean value. 
Letters a, b, c, d provide evidence of statistical significance (P < 0.05), where different letters represent sta-
tistical difference between treatments for the same sampling day. **Calculations based on surviving popula-
tions obtained for PC on day 0, 1, and 3. 
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day 0, with CHICO Wash™ and CG100 (0.4%) being the most effective (2.9 and 
2.7 logs CFU/g reduction, respectively) after 1-minute treatment. Other organic 
sanitizers showed a reduction of 1.9 - 2.5 logs CFU/g on day 0. These reductions 
were maintained over the 3-day storage period at 4˚C. For the 2-minutes wash 
treatment of baby spinach, highest reduction in E. coli O157:H7 population was 
observed with CHICO Wash™ (2.6 logs CFU/g) on day 3. Hydrogen-peroxide 
also decreased surviving E. coli O157:H7 populations on day 0 (3.2 and 3.3 logs 
CFU/g for 1- and 2-minutes treatments, respectively), however, this reduction 
was not maintained during the 3-day storage period and an increase in pathogen 
counts was observed on day 1 and day 3. Water-treated baby spinach leaves 
showed a reduction of 0.9 and 1.4 logs CFU/g in bacterial counts on day 0, at 1- 
and 2-minutes treatment times, which was significantly less than the organic sa-
nitizer treatments. 

3.2. Mature Spinach 

Organic sanitizers also significantly (P < 0.05) reduced E. coli O157:H7 popula-
tion on organic mature spinach throughout the storage period at 4˚C (Table 2).  

 
Table 2. Antimicrobial effects of CHICO Wash™, C8C10 and CG100 against Escherichia 
coli O157:H7 population on organic mature spinach with 1-minute or 2-minutes treat-
ment exposure time. 

Treatments 
Time  

(minutes) 

Surviving E. coli O157:H7 population*  
(Log10 CFU/g) 

E. coli O157:H7  
Log10 reduction** 

Day 0 Day 1 Day 3 Day 0 Day 1 Day 3 

PC - 4.5 ± 0.3a 4.5 ± 0.3a 4.2 ± 0.3a    

W 1 3.4 ± 0.2b 3.5 ± 0.1b 3.8 ± 0.4a 1.1 1.0 0.4 

HP 1 2.3 ± 0.2c 2.6 ± 0.2c 2.6 ± 0.1b 2.1 2.0 1.6 

CHICO Wash™ 1 3.2 ± 0.4c 2.6 ± 0.3c 2.9 ± 0.7b 1.3 1.9 1.3 

C8C10 (0.2%) 1 3.2 ± 0.1c 3.2 ± 0.2d 3.3 ± 0.3a 1.3 1.3 0.9 

C8C10 (0.4%) 1 3.4 ± 1.3b 3.2 ± 0.4d 3.1 ± 0.3b 1.1 1.3 1.1 

CG100 (0.2%) 1 3.7 ± 0.2a 3.3 ± 0.4d 3.1 ± 0.3b 0.8 1.2 1.1 

CG100 (0.4%) 1 3.3 ± 0.6bc 3.0 ± 0.5cd 3.1 ± 0.4b 1.2 1.5 1.0 

W 2 3.3 ± 0.5b 3.7 ± 0.6b 3.6 ± 0.5a 1.1 0.9 0.6 

HP 2 2.6 ± 0.7c 2.8 ± 0.3c 2.0 ± 0.1c 1.9 1.7 2.1 

CHICO Wash™ 2 3.2 ± 0.8c 2.5 ± 1.0c 2.2 ± 0.5c 1.3 2.0 2.0 

C8C10 (0.2%) 2 3.4 ± 0.3b 3.5 ± 0.4b 3.3 ± 0.3a 1.1 1.0 0.9 

C8C10 (0.4%) 2 3.5 ± 0.3b 3.3 ± 0.4b 3.2 ± 0.4b 1.1 1.0 0.4 

CG100 (0.2%) 2 3.4 ± 0.4b 3.5 ± 0.5b 3.6 ± 0.1a 2.1 2.0 1.6 

CG100 (0.4%) 2 3.1 ± 0.8c 2.6 ± 0.4c 3.1 ± 0.8b 1.3 1.9 1.3 

PC: Positive Control; W: Water; HP: Hydrogen Peroxide. *Values represent the average of three replica-
tions. Standard deviation (±) for surviving E. coli O157:H7 population (Log10 CFU/g) follows mean value. 
Letters a, b, c, d provide evidence of statistical significance (P < 0.05), where different letters represent sta-
tistical difference between treatments for the same sampling day. **Calculations based on surviving popula-
tions obtained for PC on day 0, 1, and 3. 
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The initial concentration of E. coli O157:H7 on positive control leaves was 4.5 
logs CFU/g. Treatment with all the tested organic sanitizers showed immediate 
reduction (1 - 1.3 logs CFU/g) in bacterial counts on day 0, which was main-
tained over a period of 3-day storage (Table 2). CHICO Wash™ at 2-minutes 
exposure time was the most effective of the three sanitizers and resulted in sig-
nificant reductions (2.0 logs CFU/g) in E. coli O157:H7 populations during sto-
rage of mature spinach. A reduction of 0.6 - 1.6 logs CFU/g by day 3 was seen in 
mature spinach washed for 1 or 2 minutes with C8C10 and CG100. Hydrogen- 
peroxide reduced pathogen populations on day 0 but this reduction was not 
maintained during the 3 days of storage on mature spinach washed for 1 minute.  

3.3. Romaine Lettuce 

Antimicrobial effects of CHICO Wash™, C8C10 or CG100 against E. coli 
O157:H7 on organic romaine lettuce is shown in Table 3. The untreated positive 
control had a pathogen population of 4.7 logs CFU/g on day 0, followed by 4.3 
and 4.6 logs CFU/g on day 1 and 3 of storage at 4˚C, respectively. Compared to  

 
Table 3. Antimicrobial effects of CHICO Wash™, C8C10 and CG100 against Escherichia 
coli O157:H7 population on organic romaine lettuce with 1-minute or 2-minutes treat-
ment exposure time. 

Treatments 
Time  

(minutes) 

Surviving E. coli O157:H7 population*  
(Log10 CFU/g) 

E. coli O157:H7  
Log10 reduction** 

Day 0 Day 1 Day 3 Day 0 Day 1 Day 3 

PC - 4.7 ± 0.8a 4.3 ± 0.7a 4.6 ± 1.3a    

W 1 3.6 ± 0.8b 3.1 ± 0.2b 3.4 ± 1.0b 1.2 1.3 1.1 

HP 1 1.6 ± 0.9c 1.8 ± 0.1c 1.3 ± 0.2c 3.2 2.6 3.3 

CHICO Wash™ 1 2.5 ± 0.5cd 2.2 ± 0.5c 2.1 ± 0.1d 2.2 2.2 2.4 

C8C10 (0.2%) 1 3.5 ± 0.0b 2.7 ± 0.2d 2.6 ± 0.2de 1.3 1.7 2.0 

C8C10 (0.4%) 1 2.7 ± 0.3d 2.6 ± 0.1d 2.2 ± 0.1d 2.0 1.8 2.3 

CG100 (0.2%) 1 3.1 ± 0.7d 2.6 ± 0.0d 2.3 ± 0.1d 1.7 1.8 2.3 

CG100 (0.4%) 1 2.6 ± 0.8cd 1.8 ± 0.3c 1.2 ± 0.6c 2.1 2.6 3.4 

W 2 3.6 ± 0.9b 2.7 ± 0.4d 2.4 ± 0.3de 1.1 1.6 2.2 

HP 2 2.2 ± 0.9c 1.8 ± 0.1c 1.6 ± 1.0c 2.5 2.5 2.9 

CHICO Wash™ 2 1.9 ± 0.1c 2.2 ± 0.5c 2.0 ± 0.3c 2.8 2.1 2.6 

C8C10 (0.2%) 2 2.0 ± 0.1c 2.8 ± 0.9d 2.2 ± 0.1cd 2.8 1.6 2.4 

C8C10 (0.4%) 2 1.8 ± 0.2c 2.3 ± 0.6c 2.5 ± 0.8d 3.0 2.1 2.1 

CG100 (0.2%) 2 2.1 ± 0.4c 2.3 ± 0.6c 2.3 ± 0.6d 2.6 2.1 2.3 

CG100 (0.4%) 2 1.9 ± 0.8c 2.0 ± 0.8c 1.7 ± 1.1c 2.8 2.4 2.8 

PC: Positive Control; W: Water; HP: Hydrogen Peroxide. *Values represent the average of three replica-
tions. Standard deviation (±) for surviving E. coli O157:H7 population (Log10 CFU/g) follows mean value. 
Letters a, b, c, d provide evidence of statistical significance (P < 0.05), where different letters represent sta-
tistical difference between treatments for the same sampling day. **Calculations based on surviving popula-
tions obtained for PC on day 0, 1, and 3. 
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the positive control, CHICO Wash™, CG100 (0.4%) and C8C10 (0.4%) were the 
most effective treatments, with an immediate reduction of 2.0-2.2 logs CFU/g in 
pathogen population after 1-minute treatment. Further reductions in bacterial 
populations were observed with these sanitizers (after 1-minute treatment) over 
the 3-day storage period, with CG100 (0.4%) showing a log reduction of 3.4 by 
day 3. At an exposure time of 2 minutes, all the organic sanitizers were equally 
effective, showing an immediate reduction (2.6 to 2.8 logs CFU/g on day 0) in 
pathogen population on romaine lettuce. By day 3, CG100 at 0.4% resulted in 
the highest reduction in E. coli O157:H7 population (2.8 logs CFU/g) on ro-
maine lettuce washed for 2 minutes, followed by CHICO Wash™ (2.6 logs 
CFU/g). Compared to hydrogen-peroxide, the organic sanitizers were more ef-
fective when romaine lettuce was washed for 2 minutes. On the other hand, ro-
maine lettuce washed with water (1 or 2 minutes) did not show a significant re-
duction in pathogen populations.  

3.4. Iceberg Lettuce 

Results similar to those with romaine lettuce were observed with iceberg lettuce 
(Table 4). The initial concentration of E. coli O157:H7 on positive control leaves 
was 4.0 logs CFU/g. Compared to the positive control and other organic sanitiz-
ers, CG100 at both concentrations (0.2% and 0.4%) and exposure times (1 or 2 
minutes) was the most effective, reducing E. coli O157:H7 populations by 1.7 to 
2 logs CFU/g on day 0. By day 3, further reductions (1.9 to 2.7 logs CFU/g) in 
pathogen populations were observed on iceberg lettuce washed with CG100. 
CHICO Wash™ at 2 minutes showed similar results as CG100, reducing pathogen 
counts by 2.3 logs CFU/g on day 3. Other sanitizers reduced E. coli O157:H7 pop-
ulation by 1.7 logs CFU/g at both treatment times, by day 3. Hydrogen-peroxide 
treatment showed similar results except that it was more effective at 1-minute 
than the 2-minutes treatment. At the same time, iceberg lettuce washed with 
water (1 or 2 minutes) did not show a significant reduction in pathogen popula-
tions.  

4. Discussion 

All the tested organic sanitizers showed immediate reduction in E. coli O157:H7 
populations on all the leafy greens tested, when compared to the positive con-
trol. To our knowledge, no other studies have been reported with the organic 
compounds, C8C10 and CG100, and this study is the first to test the antimi-
crobial activity of these compounds against E. coli O157:H7 on organic leafy 
greens. These two sanitizers, at both concentrations (0.2 and 0.4%) showed im-
mediate reduction in E. coli O157:H7 populations on the leafy greens.  

Compared to other treatments, CHICO Wash™ was the most effective on baby 
spinach, resulting in up to 3 logs CFU/g reduction on day 0. Consistent with 
other studies [28] [33], CHICO Wash™ also showed immediate reduction in pa-
thogen populations on iceberg lettuce. Studies [33] conducted with iceberg  
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Table 4. Antimicrobial effects of CHICO Wash™, C8C10 and CG100 against Escherichia 
coli O157:H7 population on organic iceberg lettuce with 1-minute or 2-minutes treat-
ment exposure time. 

Treatments 
Time  

(minutes) 

Surviving E. coli O157:H7 population*  
(Log10 CFU/g) 

E. coli O157:H7  
Log10 reduction** 

Day 0 Day 1 Day 3 Day 0 Day 1 Day 3 

PC - 4.0 ± 0.1a 4.0 ± 0.5a 4.1 ± 0.2a    

W 1 2.7 ± 0.1b 3.0 ± 0.3b 2.2 ± 0.3b 1.2 1.0 1.9 

HP 1 1.9 ± 0.6c 1.7 ± 0.9c 1.0 ± 0.2c 2.1 2.3 3.0 

CHICO Wash™ 1 2.6 ± 0.9bd 1.5 ± 1.1c 2.5 ± 1.1d 1.4 2.5 1.6 

C8C10 (0.2%) 1 2.5 ± 0.3bd 3.1 ± 0.7b 2.3 ± 0.2d 1.5 1.0 1.7 

C8C10 (0.4%) 1 2.7 ± 0.2b 2.8 ± 1.7b 2.4 ± 0.2d 1.3 1.3 1.6 

CG100 (0.2%) 1 2.0 ± 0.2c 1.9 ± 0.2c 2.0 ± 0.4b 1.9 2.1 2.0 

CG100 (0.4%) 1 2.0 ± 0.3c 1.7 ± 0.6c 1.4 ± 0.9c 2.0 2.4 2.7 

W 2 3.4 ± 0.5a 3.2 ± 0.4b 2.3 ± 0.2d 0.6 0.8 1.7 

HP 2 2.4 ± 1.1bd 1.5 ± 0.6c 1.4 ± 0.6c 1.5 2.6 2.7 

CHICO Wash™ 2 2.1 ± 0.7c 1.8 ± 0.9c 1.8 ± 0.9cd 1.9 2.2 2.3 

C8C10 (0.2%) 2 2.9 ± 0.8b 3.1 ± 0.4b 2.4 ± 0.3d 1.0 1.0 1.7 

C8C10 (0.4%) 2 2.5 ± 0.3b 2.5 ± 0.4bd 2.4 ± 0.2d 1.4 1.5 1.7 

CG100 (0.2%) 2 2.3 ± 0.2bd 2.3 ± 0.2d 2.2 ± 0.3b 1.7 1.8 1.9 

CG100 (0.4%) 2 2.1 ± 0.5c 1.5 ± 0.8c 1.4 ± 0.6c 1.9 2.5 2.6 

PC: Positive Control; W: Water; HP: Hydrogen Peroxide. *Values represent the average of three replica-
tions. Standard deviation (±) for surviving E. coli O157:H7 population (Log10 CFU/g) follows mean value. 
Letters a, b, c, d provide evidence of statistical significance (P < 0.05), where different letters represent sta-
tistical difference between treatments for the same sampling day. **Calculations based on surviving popula-
tions obtained for PC on day 0, 1, and 3. 

 
lettuce contaminated with E. coli K-12 showed 1.6 logs CFU/g reductions with 
2-minute CHICO Wash™ on day 0. The present study achieved slightly higher 
reductions (1.9 logs CFU/g) on iceberg lettuce treated with CHICO Wash™ for 2 
minutes, on day 0. This could be due to the difference in bacterial strains used in 
the two studies where the present study involved pathogenic strains of E. coli 
O157:H7 whereas the other study included the surrogate (K-12) for E. coli 
O157:H7. Studies suggest that E. coli K-12 can develop acid resistance, which 
could explain its survival on lettuce treated with CHICO Wash™ [34]. In another 
study, Ravishankar and Zhu [28] revealed that CHICO Wash™ reduced Salmo-
nella Newport population by 0.8 and 1.0 logs CFU/g on leek and celery, respec-
tively, on day 0. These results indicate that, compared to S. Newport, E. coli 
O157:H7 may be more susceptible to organic sanitizers. Additionally, the cur-
rent study tested these organic sanitizers on leafy greens, which could account 
for the differences observed in pathogen reduction due to differences in produce 
types. 

The tested sanitizers fall under organic acid-based compounds and were 
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found to be more effective against E. coli O157:H7, when compared with other 
organic acids evaluated in previous studies [31] [35]. Park et al. [35] demon-
strated that lettuce leaves washed for 1 minute with 1% or 2% propionic, acetic, 
lactic, malic or citric acid reduced E. coli O157:H7 populations by 0.8 - 1.4 logs 
CFU/g. However, in the present study, 1-minute wash treatment of romaine and 
iceberg lettuce with CHICO Wash™ and CG100 (0.4%) showed immediate re-
duction (up to 2.2 logs CFU/g) in E. coli O157:H7 population. In a similar study 
by Choi et al. [31], treatment of lettuce with 2% malic acid for 10 minutes re-
sulted in 1.4 logs CFU/g reductions in E. coli O157:H7 counts. In the current 
study, immediate reduction of 3.0 logs CFU/g in E. coli O157:H7 population was 
observed after 2-minutes treatment with C8C10 (0.4%).  

Results from the present study clearly show that tested organic sanitizers may 
be more effective in reducing E. coli O157:H7 populations on leafy greens than 
other organic acids. It is well established that low pH of organic acids is one of 
the primary factors responsible for their antibacterial activity. Additionally, sev-
eral other factors such as the ratio of un-dissociated ions, chain length and de-
gree of branching in the organic acid, along with bacterial cell physiology and 
metabolism, can also affect the antimicrobial activity of organic acids [36]. It is 
also well known that foodborne pathogens are more susceptible to acidic envi-
ronment, and prefer slightly higher pH values for optimal growth [37] [38]. In 
this study, among all the organic sanitizers tested, CHICO Wash™ had the 
lowest pH value (1.34), which could explain the extended antibacterial effect of 
this particular sanitizer in all the leafy greens during the 3-day storage at 4˚C. 
Hydrogen-peroxide (3%) had similar outcomes, however, slight increase in sur-
viving pathogen populations was observed in hydrogen-peroxide-treated organic 
baby and mature spinach leaves during storage (Table 1 and Table 2). Similar 
results were reported in previous studies [22] [29] [32] [39] where organic leafy 
greens treated with hydrogen-peroxide showed an increase in pathogen popula-
tions by the end of the storage period. Hydrogen-peroxide exhibits antibacterial 
activity by producing oxidizing molecules, such as hydroxyl radicals, with the 
help of available peroxidase enzyme, which can be toxic to the bacterial cell [40]. 
Different produce types contain varying levels of peroxidase which in turn can af-
fect the residual levels of hydrogen-peroxide and its effectiveness on fresh produce 
[41] [42]. Results from the present study suggest that hydrogen-peroxide does 
possess antimicrobial properties, but may not be able to maintain long-term an-
timicrobial effects in certain produce types. 

Although the extent of E. coli O157:H7 inactivation varied among the differ-
ent organic sanitizers, differences were also observed on the various leafy greens 
tested. Higher reductions in pathogen populations were observed on romaine 
lettuce (3.0 logs CFU/g), followed by baby spinach (2.9 logs CFU/g) and iceberg 
lettuce (2.0 logs CFU/g), when compared to mature spinach (1.3 logs CFU/g), on 
day 0. These results are consistent with other studies where differences in effica-
cy of antimicrobials have been observed on various produce types. A study by 
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Ravishankar and Zhu [28] suggested that the efficacy of CHICO Wash™ may 
vary based on the type of food surface. In their study, S. Newport population was 
reduced to 0.8 logs CFU/g on leeks when compared to celery, where a reduction 
of up to 1.0 logs CFU/g was observed on day 0. Previous studies with organic 
compounds [22] and plant-extracts [29] [39] have also suggested differences in 
efficacies of antimicrobial wash treatments with different leafy greens surfaces. 
In the present study, the antimicrobials were least effective on mature spinach 
leaves, which could be explained by their leaf topography. Studies have shown 
that spinach cultivar can affect E. coli O157:H7 movement, colonization, and in-
ternalization on the leaf surface [43] [44]. A study by Macarisin et al. [44] re-
vealed that spinach leaf morphology, which varies with the cultivar, affected the 
attachment and persistence of E. coli O157:H7 on rough organic spinach leaf 
surface. The cultivar that had the greatest leaf roughness, supported significantly 
higher E. coli O157:H7 populations than the other cultivars. This could explain 
the observed higher E. coli O157:H7 populations on mature spinach in the 
present study.  

No significant differences were observed between the 1-minute and 2-minutes 
treatment exposure times in the current study, except on romaine lettuce, where 
2-minutes treatment time was more effective. This indicates that washing for 1 
minute would be sufficient to reduce pathogen populations on leafy greens such 
as baby and mature spinach, and iceberg lettuce. Our results are similar to those 
obtained by Akbas and Ölmez [26] where no significant differences were ob-
served between treatment times (2 and 5 minutes) to reduce E. coli on iceberg 
lettuce on day 0. Lin et al. [23] also demonstrated that increasing hydrogen- 
peroxide exposure time from 60 seconds to 90 seconds did not significantly af-
fect S. Enteritis, L. monocytogenes and E. coli O157:H7 populations on lettuce 
leaves on day 0. Romine lettuce treated for 1 minute with the organic sanitizers 
showed a reduction between 1.3 to 2.2 logs CFU/g whereas that treated for 2 
minutes had log reductions between 2.6 to 3.0 logs CFU/g on day 0. The differ-
ences observed in romaine lettuce could be due to the leaf surface where it has 
more ridges and grooves that could provide a niche for bacterial attachment and 
colonization, thereby protecting them from sanitizer washes. Washing times 
longer than 1 minute may therefore be required to effectively remove or reduce 
E. coli O157:H7 populations on the romaine leaf surface.  

5. Conclusion 

Organic sanitizers effectively reduced E. coli O157:H7 populations on organic 
leafy greens. CHICO Wash™ and CG100 at 0.4% were found to be the most ef-
fective flume-tank wash treatments compared to other formulations. Organic 
sanitizers therefore have the potential to be used as an alternative antimicrobial 
wash treatment for organic leafy greens. However, future studies call for sensory 
analysis of the organic leafy greens washed with these organic sanitizers, to de-
termine consumer acceptability. 
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Abstract 
Fruits and vegetables are inherently perishable hence they are considered as 
one of the most wasted categories of food. While several studies have been 
conducted to assess consumer level waste of fruits and vegetables, few have 
been conducted in developing countries like the Philippines. A survey, using a 
pre-tested questionnaire, and involving 500 respondents, was conducted in 
selected urban and peri-urban areas in the Philippines, to ascertain consumer 
level fruit and vegetable waste. The quantities of fruits and vegetables wasted 
by supermarket shoppers and those who purchased fruits in wet markets were 
comparably low at 3% - 4%. This low level of consumer fruit and vegetable 
waste was attributed to the small quantities (250 to 500 grams per purchase) 
purchased by consumers in both categories of markets. Consumer level fruit 
and vegetable waste, showed a positive correlation to household size. The level 
of fruit waste was positively related to household income, and negatively re-
lated to shopper’s age. Consumers who shopped in supermarkets, purchased 
larger quantities of fruit when compared to those who shopped in wet mar-
kets. Wet market shoppers on the other hand, purchased large quantities of 
vegetables. Decay, and quality loss manifested by shriveling, wilting, tough-
ening, browning and softening were the main characteristics of fruits and 
vegetables discarded by consumers. The underlying causes of this waste, cited 
by respondents included “forgot to eat”, “poor quality”, “forgot to cook” and 
“overbuying”. Consumer efforts to minimize waste include buying enough for 
consumption, consuming or using immediately after purchase, planning their 
menus, improving storage and purchasing produce that is of good quality. 
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1. Introduction 

Food loss and waste occur at all stages in the food supply chain from harvesting, 
through post-harvest handling, processing, distribution and finally consump-
tion. It has been estimated that in developing countries 40% of losses occur at 
postharvest and processing levels, while in industrialized countries more than 
40% of losses take place at the retail and consumer levels [1]. Food losses occur-
ring at the end of the food chain (retail and final consumption) are referred to as 
“food waste” [2] [3]. Parfit et al. (2010) indicated that the most wasted food 
items are those that are highly perishable typified by fresh fruits and vegetables 
[4] [5]. The causes of household level food waste among others include a) spoi-
lage of food before and after preparation, b) rodent and insect infestation, and c) 
those caused by decay-causing organisms [6]. Non-technical factors affecting 
consumer waste include seasonality of produce, gender, household size and in-
come among others. According to Muth et al. (2007), females waste more than 
males, and the higher the household income and size, the higher the level of food 
waste [6]. Other studies showed that adults waste more than children; house-
holds with children tend to waste more than without children, and, that young 
people waste more than older people [3].  

Increasing urbanization accompanied by increasing incomes, the changing 
tastes and lifestyles of consumers, more women in the workforce and the need 
for convenience have resulted in the changes in consumer buying habits. The 
growth of supermarkets and hypermarkets in Asia [7] has also contributed to 
changes in buying habits. These modern retail outlets offer a variety of food 
items and convenience to shoppers hence their increasing patronage. Digal and 
Concepcion (2004) showed that in the Philippines, 15% of vegetables are sold 
through supermarkets in Metro Manila [7]. Romo et al. (2009) reported that 
modern food retail has reached 45% of urban food retail and is rapidly trans-
forming with increasing fresh produce sales [8]. Despite supermarket growth, 
traditional wet markets still enjoy high patronage when it comes to fresh pro-
duce due to the perception that fruits and vegetables are fresher in wet markets 
than in supermarkets. The change in the buying habits of consumers may have 
an effect on the wastage of food items particularly fresh fruits and vegetables.  

In developed countries, studies on food waste at the consumer level have re-
sulted in the identification of holistic definitive programs or actions to address 
food waste reduction. These programs complete the picture of the extent of 
losses along the supply chain from farm to table. In developing countries as is the 
case of the Philippines, studies have focused on post-harvest losses, with no study 
to date on consumer level waste. The purpose of the current study was to gain 
some perspective as to the extent of wastage of fruits and vegetables at the con-
sumer level and to determine the factors that influence the levels of these wastes.  

2. Methodology 

To achieve the objectives of this research, a survey on fruit and vegetable waste 
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at the household level was conducted in selected urban and peri-urban areas in 
the Philippines. Using pre-tested questionnaires, the survey was administered 
through face to face interviews of market shoppers and through the distribution 
of pre-tested questionnaires to households. The respondents included shoppers 
from the three (3) supermarkets, three (3) wet markets, private and government 
offices, schools, and residential estates in cities of Metro Manila (representing 
the National Capital Region) and in CALABARZON (Cavite, Laguna, Batangas, 
Rizal and Quezon) which represent the outlying peri-urban provinces of Metro 
Manila (Figure 1). CALABARZON was included due to its rapid rate of urbani-
zation and expansion of industrial estates, exclusive schools, residential areas, 
supermarkets and hypermarkets. 

The questionnaire addressed two issues, namely: 1) socio-demographic cha-
racteristics of consumers, and 2) consumer purchase behavior: types and volume 
of fruits, vegetables including fresh-cuts purchased, storage practices, nature and 
extent of wastes and measures taken to minimize the levels of waste. Observa-
tions were also made on the following: most frequently purchased fruits and 
vegetables in the whole and fresh-cut forms; purchase preferences (e.g. for fruits 
and vegetables that are pre-packed or sold in the loose format), and for the pur-
chase of fresh cuts or ready-to-eat and/or cook fruits and vegetables, and those 
items sold on discount.  

A total of 600 questionnaires were retrieved; each one was checked for com-
pleteness of information. Equal numbers (250 each) of survey questionnaires re-
trieved from the supermarket and wet market shoppers were then selected. The 
study employed qualitative and quantitative analyses. Data were presented in  

 

 
Figure 1. Map of the Philippines indicating the place of residence of respondents. 
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tabular and graphical forms using descriptive statistics such as frequency counts, 
percentages, and means. Comparison and/or differences between the two groups 
of respondents in terms of socio-demographic characteristics, purchase behavior 
and practices, and levels of losses were determined using Chi-square, t-tests, and 
Analysis of Variance (ANOVA). Correlation analysis was also used to determine 
the factors associated with fruit and vegetable purchases and wastes. 

3. Results and Discussion 

Characteristics of Consumer Respondents 
The socio demographic profile of respondents or consumers shopping in wet 

markets and in supermarkets is shown in Table 1. A majority of the respondents 
interviewed in both markets originated from the CALABARZON area. The large 
number of respondents in CALABARZON supermarkets indicates the expan-
sion of retail operations in the provincial peri-urban areas to widen the consum-
er base [9]. The report further indicated that with this expansion, consumer pre-
ference for shopping in traditional wet markets would likely decline. However, 
based on the results of Chi-square test (X2 = 0.179), there was no significant dif-
ference in the percentage of respondents from each area, shopping in either su-
permarkets or wet markets.  

A majority of the respondents shopping in both types of markets were fe-
males, aged 20 to 30 years old (Table 1). The percentage of shoppers in the age 
ranges of 31 - 40 and 41 - 50 in both market types were almost the same. Differ-
ences between age groups were not significant (X2 = 0.95). In both market types, 
a majority of the respondents were mothers or housewives (46% in wet market 
and 44.6% in supermarket). This was closely followed by the son or daughter 
shopping in wet markets (36.7%) or in supermarkets (39.4%). This supports the 
observation wherein a majority of the shoppers in both market types are in the 
age range of 20 - 30 years old. Few husbands/fathers engage in fruit and vegeta-
ble procurement. 

Consumers who shopped in both categories of markets, originated from 
households composed of the husband, wife, children and other adults living with 
them—mostly the grandparents which is typical of the Filipino family. The 
composition of the household did not have any influence on the choice of mar-
kets to shop (X2 = 0.307). 

Household income significantly influenced the choice of shopping locale. 
Higher income shoppers generally shopped in supermarkets. A majority of low 
income shoppers still preferred shopping in traditional wet markets for food, al-
though, according to survey results a growing percentage of low income con-
sumers shopped in supermarkets (income levels of PhP 100,000 - 200,000 which 
represent the D class). These changing buying habits align with the expansion of 
modern retail markets in the provinces. Moreover, this also brings in a new 
perspective, that supermarkets are no longer the shopping venue of higher in-
come consumers. 
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Table 1. Socio-demographic characteristics of respondents classified/grouped based on 
their major source of fruits and vegetables. 

CHARACTERISTICS OF RESPONDENTS 
Wet Market Shoppers Supermarket Shoppers 

(n = 250) (n = 250) 

Place of Residence/Origin   

Metro Manila 34.8 28.8 

CALABARZON area 65.2 71.2 

X2 = 0.179 ns   

Gender   

Male 24.6 30.4 

Female 75.4 69.6 

X2 = 0.169 ns   

Age Range   

20 - 30 40.5 41.5 

31 - 40 24.2 25.6 

41 - 50 21.3 19.1 

51 - 60 11.1 11.8 

Above 60 2.9 2.0 

X2 = 0.95ns   

Position in the Family   

Mother/wife 46.0 44.6 

Father/ Husband 12.5 11.6 

Daughter/Son 36.7 39.4 

Grandparent 1.6 0.8 

Others 3.2 3.6 

X2 = 0.96 ns   

Average Household Size 5.0 4.6 

F = 0.014**   

Household Composition   

Single household 5.4 10.0 

Husband and wife only 5.8 5.0 

Husband & wife +other adults 2.9 3.7 

Husband & wife +children + adults 69.2 68.4 

Others 16.7 12.9 

X2 = 0.307 ns   

Household Income (Range)   

Below 100 K 26.1 17.4 

100-200K 27.0 26.0 

201-300K 19.5 17.4 

301-500k 14.2 21.3 

Above 501 13.3 17.9 

X2 = 0.048*   

NS: not significant at 5% level; *significant at 5% level; **significant at 1% level. 
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Consumer Purchasing Practices  
Quantities of Fruits and Vegetables Purchased in Different Categories of 

Markets on a Weekly Basis 
On a weekly basis, shoppers purchase between 4.9 to 5.6 grams of fruits and 

about 4.3 to 4.8 grams of vegetables (Table 2). Respondents who purchased 
fruits in supermarkets, purchased larger quantities than those who purchased 
their fruits in wet markets. Wet market shoppers purchased comparably larger 
quantities of vegetables than did supermarket buyers. Differences were also ob-
served with regard to the types of fruits purchased (Figure 2). Bananas were 
purchased in the largest quantity by both categories of shoppers. The second 
most popularly purchased fruits were watermelons and pineapples, wherein the 
quantities purchased by supermarket shoppers was greater than that procured by 
wet market buyers. Apples and oranges were the most popularly purchased 
temperate and imported fruits by both groups of buyers. The other fruits pur-
chased, included calamondin, grapes, papaya, avocado, rambutan, and lanzones. 

Consumers also purchased different quantities of the different types of vege-
tables (Figure 3). Tropical vegetables including tomatoes, eggplants and pota-
toes were the topmost vegetables purchased by wet market shoppers, while po-
tatoes, onions and tomatoes were purchased by supermarket shoppers. These 
vegetables are basic ingredients in most Filipino dishes. Other vegetables pur-
chased include lettuce, kangkong, mustard, snap beans and bell pepper. Vegeta-
bles were purchased in comparably smaller quantities than fruits, indicating that  

 
Table 2. Total quantity of fruits and vegetables purchased on a weekly basis by respon-
dent group. 

Produce Quantity Bought (grams)/Shoppers Group 

Type Wet Market Supermarket 

Fruits (in grams) 4864 5585 

(F = 5.286)  

Vegetable (in grams) 4839 4258 

(F = 5. 350)  

*Differences between two groups of shoppers are significant at 5% level. 
 

 

Figure 2. Average quantities of different types of fruits purchased on a weekly basis by 
respondent group. 
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Figure 3. Average quantities of different types of vegetables purchased on a weekly basis 
by respondent group. 

 
vegetable consumption in the country is relatively low.  

Quantities of Fruit and Vegetable Purchased Per-Capita  
Supermarket shoppers purchased larger quantities of fruits (179 grams) on a 

per capita basis, than did wet market shoppers (139 grams). With regards to 
vegetables, little difference was observed between the two respondent groups 
(132 - 138 grams). When compared to the 2003 data from the Food and Nutri-
tion Research Institute (FNRI) of the Philippines where the average daily con-
sumption per person was 110 grams of vegetables and 54 grams for fruits [10], 
these purchases by urban households (which could equate to consumption) 
showed a marked increase particularly in fruit purchases. The total quantity of 
fruits and vegetables purchased or consumed which ranged from 277 to 305 
grams was actually not too far to the World Health Organization’s (WHO) rec-
ommended daily per capita intake of 400 grams of vegetables and fruits. This 
could be attributed to the growing level of health consciousness of the Filipino 
population. 

Reasons for Buying Fruits and Vegetables in Wet Markets vs. Supermarkets 
Both groups differed as to their rationale for purchasing fruits and vegetables 

in different locations. Shoppers purchased fruits and vegetables in wet markets, 
owing to lower price, while those who shopped in supermarkets reported con-
venience as their priority (Figure 4). Accessibility was the second common rea-
son for the point of purchase. Furthermore, wet markets were often preferred for 
the availability of traditional fruits and vegetables, while supermarket shoppers 
were interested in the variety of options available. The convenience offered by 
supermarkets in terms of variety of food items—fresh fruits and vegetables both 
imported and locally produced, intact or as fresh-cuts—was preferred particu-
larly by working women and young urban professionals who have less time to 
prepare food. 

A high percentage (34%) of supermarket buyers paid attention also to neat 
packaging as against only 3% for wet market buyers. Retail packaging is increa-
singly accepted and patronized by consumers. A study of Aban et al. (2009) on 
consumer perceptions of food safety indicated that consumers defined food 
safety as “proper food handling” and some have started to be food safety  
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Figure 4. Reasons for buying fruits and vegetables in wet markets vs. supermarkets. 
 

conscious by buying vegetables that are well-packaged [11]. It appeared there-
fore that neat packaging is associated with food safety since cross-contamination 
is prevented as against vegetables sold in loose formats in wet markets.  

In the case of wet market buyers, lower price was the main determinant of pa-
tronage among 67% of the respondents. Also, in wet markets where fresh fruits 
and vegetables are sold in a loose format, consumers can opt to purchase only 
very small quantities of produce—such as 2 - 3 pieces of garlic, onions or pota-
toes - unlike in supermarkets where most produce is pre-packaged. 

Formats of Fruits and Vegetables Purchased  
A majority of respondents from both groups reported that they preferred 

buying fruits and vegetables in their intact or whole form. The difference be-
tween the two groups of buyers was not significant. A very low percentage of 
respondents from both the wet and supermarket groups purchased fresh cuts 
although fresh cuts appeared to be regularly purchased by supermarket shop-
pers. Fruits and vegetables in the loose format were selected by buyers before 
weighing and purchasing. Buyers in both wet markets and supermarkets showed 
a preference for purchasing fruits in the loose format. Retail-packaged produce 
was more likely to be purchased by supermarket shoppers than by wet market 
shoppers. 

Almost all fruits and vegetables were sold in the loose format in wet markets, 
providing consumers with a fairly high level of flexibility in purchasing quanti-
ties needed. This allowed consumers to choose the number of purchases at any 
one time. In supermarkets, a higher percentage of consumers purchased pre- 
packaged fruits and vegetables than those buying in wet markets since they per-
ceived the produce to be safe and of good quality. On the other hand, buyers in 
wet markets perceived packaged produce be of poor quality, and few purchased 
pre-packaged fruits and vegetables.  

Frequency of Buying 
There was a highly significant difference (X2 = 0) between shoppers in wet 

markets vs in supermarkets when it comes to frequency of buying. A higher 
percentage (14.8%) of wet market shoppers shopped on a daily basis when com-
pared to only 6.1% of the respondents who shopped in supermarkets (Figure 5). 
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This may be due in part to the prevalence of small wet markets in the barangays 
in the form of mobile small retailers and hawkers or the “mom and pop” stores 
that sell perishable produce [8]. Moreover, a larger number of wet market shop-
pers shop twice weekly, owing largely to the low buying power of the household 
which for any given period is just enough to purchase food for the next three (3) 
days. The percentage of respondents shopping once a week in wet markets was 
only slightly higher than that of those purchasing twice weekly.  

Approximately 57% of supermarket shoppers, shopped once weekly, only 
23.4% shopped twice weekly and a very low percentage shopped on a daily basis 
(Figure 5). It should be noted that working women were the main shoppers.  

Storage of Fruits and Vegetables Purchased in the Household 
Both respondent groups stored their fruit and vegetable purchases in the re-

frigerator, indicating awareness on the effect of low temperature in maintaining 
quality and extending shelf life. Both respondent groups stored fresh produce 
either packaged in plastic or in the loose format in the refrigerator (Figure 6).  

Depending on the commodity, packaging in plastic bags is advantageous in 
preventing moisture loss from the stored produce. In some cases, as is the case 
for leafy vegetables, packaging in plastic bags can accelerate the rate of decay 
which is often the case for leafy vegetables. 

Fruits were also commonly kept in the loose format in the kitchen or in fruit 
bowl for consumption as dessert. Onions and potatoes were frequently stored in 
a kitchen bowl, given their low level of perishability. 

Consumer Level-Waste of Fruits and Vegetables 
Estimated Levels of Waste by Respondent Group 
Respondents were asked to rate, based on their opinion or provide an estimate  

 

 

Figure 5. Frequency of purchasing fruits and vegetables by respondent group. 
 

 

Figure 6. Storage of fruits and vegetables at the household level. 

https://doi.org/10.4236/fns.2017.810069


E. B. Esguerra et al. 
 

 

DOI: 10.4236/fns.2017.810069 970 Food and Nutrition Sciences 
 

Table 3. Consumer level fruit and vegetable waste (% in range scale) by respondent 
group. 

Range 
Scale 

Percent Reporting/Produce Type/Market Type 

Fruits Vegetables 

Wet Market Supermarket Wet Market Supermarket 

Less than 5% 86.4 79.5 89.0 81.6 

5% - 10% 11.8 20.0 8.6 15.6 

11% - 20% 3.6 4.0 2.3 2.3 

More than 20% 1.4 1.3 0 0.7 

 
based on their experience, the waste in the fruits and vegetables that they 
bought. Both respondent groups reported that the quantities of fruits and vege-
tables wasted by them were minimal (Table 3) indicating that consumers in both 
market types were not generally wasteful. Eighty-six per cent (86%) of wet mar-
ket fruit shoppers and 89% of wet market vegetable shoppers, informed that they 
waste less than 5% of their fruit and vegetable purchases. In the case of super-
market shoppers, a lower percentage, (79% for fruits and 82% for vegetables) 
reported incurring less than 5% waste. It should, however, be noted that the 
number of supermarket buyers incurring between 5% - 10% waste was compa-
rably higher. 

Calculated Quantities of Consumer Level Waste of Selected Fruits and Vege-
tables Purchased by Respondent Groups 

Based on the average quantities of fruits and vegetables purchased on a weekly 
basis and the reported range scale of waste, the actual quantities of fruits and 
vegetables wasted following their purchase was calculated. Wastes were signifi-
cantly higher for fruits and vegetables purchased by supermarket buyers than by 
wet market buyers (Table 4). Fruit wastage averaged at 3.2% for wet market 
shoppers and 3.9% for supermarket shoppers. Vegetable waste amounted to 3% 
for wet market shoppers and 3.7% for supermarket shoppers. When compared 
to data from developed countries, the waste figures obtained in this study are 
much lower. The low level of waste can be attributed to the small average weekly 
quantity of each type of fruit and vegetables purchased by respondents in both 
market types which ranged from 695 to 797 grams for fruits and only 387 to 440 
grams for vegetables. It should be noted also that in both market types, consum-
ers still prefer to buy fruits and vegetables in the loose format and hence have 
greater flexibility in buying only the amount that they require.  

Even in supermarkets where a majority of fruits and vegetables are pre-packaged, 
the quantity purchased was small (usually 250 to 500 grams per pack) which was 
adequate for households. This was validated when respondents in both market 
types were asked to rate the adequacy of purchased volume of fruits and vegeta-
bles. Both respondent groups answered that the volume they bought was just 
enough for their consumption. A glean at the shopping bag or cart of the shop-
pers in wet markets and supermarkets respectively, proved that the quantities  
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Table 4. Calculated levels of wastes (%) in fruits and vegetables commonly bought in wet 
markets and supermarkets. 

Commodity 
Wastes (%)/Source 

Wet Market Supermarket 

FRUITS   

Banana 3.72 4.40 

Apple 3.18 4.00 

Orange 3.30 2.74 

Mango 1.84 2.50 

Pineapple 4.42 4.27 

Watermelon 2.63 4.19 

Average F = 8.552** 3.18 3.85 

VEGETABLES   

Cabbage 3.40 3.49 

Pechay 3.13 3.54 

Eggplant 3.92 4.41 

Squash 3.13 3.36 

Tomato 3.42 4.10 

Onion 2.67 3.47 

Potato 2.97 3.63 

Carrot 3.27 3.68 

Bittergourd 3.30 4.31 

String beans 3.32 3.64 

Average F = 7.582** 3.25 3.66 

**Significant at 1% level. 
 

purchased, appeared to be just enough hence losses were minimal. 
Pineapples and bananas were most wasted by both wet market and supermar-

ket buyers. Decay owing to the inability to consume was the main cause of losses 
in bananas, while in the case of pineapples, over-ripening and fermentation (of-
ten resulting from damage due to puncture,) was the main cause of loss. The 
lowest level of waste was recorded for mangoes, largely due to the fact that 
mangoes are one of the highly favored fruits in the Philippines and are con-
sumed on ripening.  

The highest level of vegetable waste occurred in eggplants followed by bitter 
gourds and tomatoes (Table 4). Eggplants and bitter gourds are highly perisha-
ble especially when not stored under refrigerated conditions. Bitter gourd as-
sumes a yellow color, while eggplant undergoes rapid softening. Waste in squash 
was also high since it is sold as a fresh-cut, in quarters or halves. Waste in onions 
and potatoes was low when compared with other vegetables, given their low level 
of perishability due to their inherent dormant state after harvest.  
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Factors that Contribute to Consumer Level Waste of Fruits and Vegetables  
The inherent perishability of fruits and vegetables was the main cause of con-

sumer level waste. Fruits purchased in wet markets or in supermarkets under-
went decay mainly due to rotting (Table 5), softening or over-ripening, while 
shriveling or wilting owing to water loss were the main cause of wastage for veg-
etables. Vegetables are also prone to decay which manifested in the form of bac-
terial soft rot which is common in leafy vegetables as well as in tomatoes and 
carrots.  

Browning is yet another disorder that commonly occurs in fruits such as ap-
ples and bananas when stored under low temperature conditions.  

Underlying Causes of Consumer Level Fruit and Vegetable Waste 
The main reason given by shoppers for wasting fruits purchased in both wet 

markets and supermarkets was that they “forgot to eat” the fruit. This was the 
case for a higher percentage of supermarket shoppers than for wet market shop-
pers (Table 6). Poor quality was a major cause of waste for wet market shoppers, 
while over-buying was a major cause for supermarket shoppers. In the case of 
the latter, this may be attributed to the esthetics of the packaging of the produce, 
which appeals to consumers, enticing them to purchase more than is required.  

Vegetable waste resulted from “forgetting to cook” the produce purchased 
(Table 6). This is indicative of the lack of meal planning such that the vegetables 
kept in the chiller section of the refrigerator underwent spoilage due to rotting. 
Over-buying was yet is another underlying cause of waste in vegetables, indicat-
ing the failure of consumers to plan their fruit and vegetable purchases. Poor 
quality was yet another underlying cause of waste, with a higher percentage of 
shoppers in wet markets reporting this than those shopping in supermarkets. This 
also highlights the fact that better quality produce was sold in supermarkets.  

Ways of Disposing of Fruit and Vegetable Waste 
The most common method of disposing of fruit and vegetable waste, was by 

using it as animal feed. A higher percentage of those who purchased their fruits 
and vegetables in supermarkets, disposed of their uneaten produce through gar-
bage disposal (Figure 7). It would appear that those who shopped in supermar-
kets routinely dispose of uneaten produce. Several also used the wasted fruits  

 
Table 5. Factors that contribute to consumer level fruit waste. 

Nature of Waste 

Percent Reporting/Produce Type/Market Type 

Fruits Vegetables 

Wet Market Supermarket Wet Market Supermarket 

Rot/decay 17.1 22.8 29.9 32.1 

Shrivelling/wilting 2.8 3.0 6.5 10.6 

Hardening/toughening - - 3.0 3.3 

Browning 8.1 10.3 5.5 5.1 

Softening/overripening 18.5 19.3 6.1 8.0 
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Table 6. Underlying causes of consumer level waste in fruits and vegetables by respon-
dent group. 

Commodity 

Wet Market (n = 250) Supermarket (n = 250) 

Forgot 
to eat 

Poor 
quality 

Forgot 
to cook 

Over 
bought 

Others 
Forgot 
to eat 

Poor 
quality 

Forgot 
to cook 

Over 
bought 

Others 

Major Fruits           

Banana 48.4 10.0 2.8 10.4 0.4 53.6 9.6 2.0 15.5 3.6 

Apple 36.4 8.4 0.8 3.6 0.4 41.2 5.2 0.8 8.0 2.4 

Orange 26.4 10.0 1.2 2.0 2.4 32.0 5.6 1.2 57.6 2.4 

Mango 35.6 11.6 0.8 8.0 0.4 40.0 8.0 1.2 9.6 1.6 

Pineapple 19.2 6.8 0.8 4.8 1.6 2.8 6.8 1.6 7.2 2.8 

Watermelon 19.2 7.6 0.8 5.2 0.4 26.8 5.2 0.8 9.6 2.0 

Average 25.9 9.1 1.2 5.7 0.9 32.7 6.7 1.3 17.9 2.5 

Major  
Vegetables           

Cabbage 12.0 10.0 30.8 7.2 1.6 18.0 8.4 30.4 13.6 1.6 

Pechay 8.8 10.4 23.2 10.0 0.8 12.8 7.6 32.0 14.0 0.8 

Eggplant 9.2 15.6 25.6 5.2 1.2 13.2 10.0 29.6 9.2 1.2 

Squash 6.4 8.4 26.4 4.8 1.6 12.0 6.4 24.8 8.8 1.6 

Carrot 9.6 9.2 23.6 6.0 1.2 15.2 6.4 27.2 11.6 1.2 

Tomato 10.8 13.6 24.4 13.2 0.8 19.2 7.6 28.8 16.4 0.8 

Onion 9.2 10.4 22.8 8.4 1.2 14.4 8.4 24.8 17.6 1.2 

Potato 8.0 11.2 24.4 7.2 1.6 15.6 6.8 28.0 12.4 1.6 

Bitter gourd 9.2 7.6 25.6 6.8 1.6 12.8 5.2 28.0 10.4 1.6 

String beans 7.6 6.4 26.8 5.6 0.8 16.0 5.6 25.6 10.0 0.8 

Average 9.8 10.2 25.3 7.4 1.2 14.9 7.2 25.3 7.4 1.2 

 

 

Figure 7. Ways of disposing wastes, by respondent group. 
 

and vegetables as compost.  
Consumer Efforts to Reduce Fruit and Vegetable Waste 
Respondents were asked whether they made any effort to reduce the wastage 

of the fresh produce purchased by them. A high percentage replied “yes”. The 
two most common methods of reducing waste of fresh produce, were through 
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buying produce for immediate consumption and the immediate use of produce 
that was purchased (Table 7). When asked as to the other ways of minimizing 
wastes, the common answers were: a) regular monitoring of produce at home b) 
giving away to others the excess fruits and vegetables bought, and c) discarding 
damaged parts of the produce, to allow for consumption of sound portions of it. 

Correlation between Quantities Bought, Levels of Waste and Socio- 
demographic Profile  

A correlation analysis was performed to ascertain the relationship between the 
quantities of fruits and vegetables purchased with demographic characteristics 
and the quantities of fruits and vegetables wasted (Table 8 and Table 9). There  

 
Table 7. Efforts to minimize fruit and vegetable waste at the consumer level. 

Method 
Wet Market Shoppers Supermarket Shoppers 

Percent Reporting* 

Buy enough for consumption 

Consume/use immediately 

Plan menu 

Proper storage 

Buy only good quality 

Others 

43.2 

23.6 

6.0 

6.8 

4.4 

4.4 

28.8 

18.8 

7.6 

6.4 

1.6 

5.2 

*Not all respondents gave answer and some respondents gave more than one answer. 
 

Table 8. Correlations between the amount of fruits purchased and wasted, and selected 
demographic characteristics. 

 Age HH Size HH Income Qty Fruits Fruit Waste 

Age 

Correlation Coefficient 1.000 −0.103* 0.022 0.103* −0.092* 

Sig. (2-tailed) . 0.026 0.643 0.022 0.043 

N  466 451 490 490 

HH Size 

Correlation Coefficient  1.000 0.162** 0.207** 0.107* 

Sig. (2-tailed)  . 0.001 0.000 0.019 

N   440 476 476 

HH Income 

Correlation Coefficient   1.000 0.124** 0.088 

Sig. (2-tailed)   0. 0.008 0.059 

N    461 461 

Qty Fruits 

Correlation Coefficient    1.000 0.368** 

Sig. (2-tailed)    0. 0.000 

N     500 

Fruit Waste 

Correlation Coefficient     1.000 

Sig. (2-tailed)     . 

N     500 

*Correlation is significant at the 0.05 level (2-tailed); **Correlation is significant at the 0.01 level (2-tailed). 
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Table 9. Correlations between the amount of vegetables bought and wasted, and selected 
demographic characteristics. 

 Age HH Size HH Income Qty Vege Vege Waste 

Age 

Correlation Coefficient 1.000 −0.103* 0.022 −0.002 −0.083 

Sig. (2-tailed) . 0.026 0.643 0.956 0.066 

N  466 451 490 490 

HH Size 

Correlation Coefficient  1.000 0.162** 0.260** 0.072 

Sig. (2-tailed)  0. 0.001 0.000 0.118 

N   440 476 476 

HH Income 

Correlation Coefficient   1.000 0.066 0.026 

Sig. (2-tailed)   0. 0.158 0.577 

N    461 461 

Qty Vege 

Correlation Coefficient    1.000 0.274** 

Sig. (2-tailed)    0. 0.000 

N     500 

Vege Waste 

Correlation Coefficient     1.000 

Sig. (2-tailed)     . 

N     500 

*Correlation is significant at the 0.05 level (2-tailed); **Correlation is significant at the 0.01 level (2-tailed). 
 

was a significant relationship between the quantities of fruits purchased, the age 
of the shopper, household size, and household income, while the quantities of 
vegetables purchased correlated only to household size. This means that older 
consumers who are usually more health conscious and those with bigger house-
holds buy comparably larger quantities of fruits and vegetables. Higher income 
households also buy larger quantities of fruits which are more expensive than 
vegetables.  

On the other hand, the level of fruit waste showed a significant relationship to 
household size, meaning that larger households who also purchased larger quan-
tities of fruits wasted more. This was not the case for vegetables given the small 
quantities purchased as compared to household size. Fruit waste also showed a 
negative correlation to age, meaning that younger consumers tend to waste more 
than older ones which corroborates the findings of Lipinski et al. (2013) [2].  

Fruit and vegetable waste are significantly related to the quantities purchased. 
This implies that more wastes are incurred with higher quantities purchased. 
The level of fruit and vegetable waste also differed significantly based on the 
point of purchase (as shown in Table 4), affirming that the supermarket shop-
pers produced more waste than wet market shoppers.  

4. Conclusions and Recommendation 

Consumer level waste of fruits and vegetables was comparably low (around 3% - 
4%) for both wet market and supermarket buyers. This is likely due to the fact 
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that small quantities (250 - 500 grams) of fresh produce were purchased by con-
sumers in both markets. Almost all fruits and vegetables were sold in a loose 
format in fresh markets, hence the consumers have the flexibility in buying only 
the quantities needed. In the case of the supermarket, while fruits and vegetables 
are packaged, the quantity per pack is almost the same as that of the quantity 
purchased in the loose format by wet market buyers.  

Consumer level fruit and vegetable waste was highly correlated to the quanti-
ties of fruits and vegetables purchased indicating that more wastes are incurred 
with larger purchases. The quantities of waste in both produce categories how-
ever differed by type of market shopper, affirming that consumers who shop in 
supermarkets waste more than those who shop in wet markets. On the other 
hand, consumer level waste of fruit was positively related to household size and 
household income, meaning that larger households and those with higher in-
comes wasted larger quantities of fruits, but fruit waste was negatively related to 
respondent’s age, meaning that younger shoppers wasted more than older ones.  

While consumer level waste of fruits and vegetable in urban households in the 
Philippines is relatively small, measures must still be instituted to minimize or 
further reduce the levels of these wastes in order to increase the consumption of 
these produce items. Consumer awareness must be raised, and consumers must 
be educated on the importance of minimizing wastes, through better handling 
and storage of the foods they purchase.  
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