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Abstract

Project Code: 1UG5080017

Project Title: Physico-Chemical Property Changes of Some Vegetables Undergoing
Different Drying Conditions

Investigators: Associate Professor Dr. Sakamon Devahastin
Associate Professor Dr. Naphaporn Chiewchan

E-mail Addresses: sakamon.dev@kmutt.ac.th, naphaporn.rat@kmutt.ac.th

Project Duration: 2 years

This project was conducted since Mighty International Co., Ltd., which is a producer
of various food ingredients such as instant soups, noodles or rice, expressed its interest in
studying changes of various physicochemical properties of vegetables during drying as well
as finding a means to obtain superior dried products than those currently available. The
project was divided into 6 parts, each focusing on physical and chemical properties of
selected vegetables, i.e., carrot and spring onion. Micrological behavior of Salmonella
attached on surfaces of carrot and cabbage was also investigated.

The first part of the project was to study the effects of acid pretreatments on some
physicochemical properties of carrot dried later by hot air drying. Carrot was soaked in citric
acid to pH of either 4 or 5 or blanched in citric acid to pH of either 4 or 5 prior to hot air
drying. Untreated carrot, carrot soaked in water and carrot blanched in water were used as
control samples. The effects of pretreatments, in combination with hot air drying at 70, 80
and 90°C, on selected physicochemical properties of dried carrot, namely, color, shrinkage,
rehydration ability, f-carotene content and cis-trans isomerization of f-carotene, were
evaluated. If the physical properties (shrinkage, rehydration ability and color) are of concern
acid blanching to pH 5 followed by hot air drying at 70°C is proposed as the best conditions
for carrot. Although the benefit could not be observed instrumentally, visual inspection
revealed that this condition gave carrot of better color and is more desirable by the industry.
On the other hand, if p-carotene is of concern carrot with no pretreatment and dried at 70°C is
desired. In the case of spring onion, no pretreatment is recommended.

The second part of the project was to study the effect of pretreatment (blanching in
hot water or soaking in 0.5-1.5% v/v acetic acid solution) on surface topographical features of
vegetables (cabbage and spring onion) during drying. An image analysis technique was used
to monitor the changes of vegetable surfaces after pretreatment and during drying. The
surface characteristic changes of vegetables were described quantitatively in terms of the
relative roughness factor (R). It was observed that the surface characteristic changes, as
affected by both pretreatment and drying processes, could be well monitored by the evolution
of the R value.

The third part of the project was to investigate the effects of artificially prepared
topographical features on the attachment and heat resistance of Salmonella on model
vegetable surface during hot air drying. Carrot sticks (3x1x1 cm) were artificially textured on
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one side with either shark tooth or wavy (crinkle) cuts; the cuts were artificially made to
amplify the possible effect of surface roughness, which resembles topographical features of
vegetable surface and their changes, on the microbial cell behavior. Different degrees of
roughness were prepared by varying the peak height and angle of the cuts; the resulting
roughness was quantified in terms of the roughness factor &h, where ¢ is the wave height and
h is the thickness of the stick, which varied in the range of 0.2-0.8. An increase in the number
of Salmonella was observed on the sample surfaces with higher &h values compared to
control samples with smooth surfaces since larger surface areas were available for bacterial
cell attachment; Salmonella attached on the surfaces with higher &h values also exhibited
higher heat resistance. However, the effect of cut pattern on microbial cell behavior was not
observed.

The fourth part of the project was to study the effects of physical and chemical
pretreatments on bioaccessibility of s-carotene in carrot. It was found that the relative in vitro
bioaccessibility of p-carotene in carrot blanched in citric acid was significantly higher than
that of the untreated and other treated samples.

The fifth part was to study the effects of pretreatment methods on some
physicochemical properties of dried carrot and spring onion during 4-week storage at 30°C.
Carrots blanched in water and in acid were preferred as they exhibited minimal changes in
color. In the case of spring onion, the sample had slightly darker green color, which is not
preferred. In terms of shrinkage, carrot soaked in acid shrunk less than in other cases.
Regarding the rehydration ratio, carrot blanched in water was the most preferred. The g-
carotene contents of carrots treated in water or in acid were slightly higher than that of the
untreated sample. The chlorophyll content of spring onion kept in non-vacuum packages
exhibited more changes during storage. The vitamin C content of spring onion exhibited a
similar trend to the results of chlorophyll.

Since some temperature variations within a production-scale dryer are expected, the
final part of the study was conducted to compare the drying results obtained in a laboratory-
scale dryer with those obtained in a production-scale dryer at Mighty International Co., Ltd.
This is to ensure that the laboratory results could be extended and used at the production
scale. It was noted that the temperature variations within the production-scale dryer at Mighty
International Co., Ltd. did not significantly affect the quality of the product. Thus, the results
of the experiments obtained in a laboratory-scale hot air dryer could be applied directly to the
production at a commercial scale. Furthermore, it should be noted that the quality of dried
vegetables (i.e., rehydration ability, color) obtained in the production-scale hot air dryer was
better than that of samples dried by the laboratory-scale hot air dryer.

Based on the results obtained in all parts of the study, blanching in citric acid to pH 5
followed by hot air drying at 70°C is proposed as the best production conditions for carrot.
On the other hand, no pretreatment followed by hot air drying is recommended for spring
onion.

Keywords: Acid pretreatment; Artificially rough surface; p-Carotene; Blanching; Cabbage;
Carrot; Citric acid; Cis-trans isomerization; Hot air drying; Image analysis; Laboratory-scale
hot air dryer; Microbial inactivation; Microstructure; Physicochemical properties;
Pretreatment; Production-scale hot air dryer; Relative roughness factor; Shrinkage; Spring
onion; Vacuum package.





