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Abstract

Food grain preprocesing is very important process for later storaging. Laser beam can dry grains but it can also significantly reduce the number of seed-born fungi like Penicillium, Fusarium and Alternaria. This papper describes influence of visible vawelength laser beam on seed-born fungi. Laser beam-grain interaction remains unresolvable while results show better sprouting and reduced of fungi.
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1. Introduction


Fungi metabolism can influence surface layer of a grain while fungi feed on starch (endosperm) and cellulose damaginig in the process whole grain. By damaging surface layer (pericarp) grain can significantly lose humidity necesary to maintain sprouting . Fungi metabolism can damage embryo too. In order to stop growth of fungi and removing them from the grain surfaceprocess is performed with chemicals – fungicides. This papper is intended to show that treatment of wheat grain with visible wavelength laser beam can remove seed-born fungi from the grain surface without damaging grain and resulting the increased grain sprouting.


Low power laser beam can be used for grain preprocessing, that is for removig excessive humidity from grain [1]. The influence of laser beam power, speed of removing excessive grain humidity and seed-born fungi removing processes are still partialy unresolved.


Laser beam can remove fungi from some type of surfaces – papper [3]. In this work we have used low power visible wavelength laser beam source because it is still unknown precise influence of greater power laser beam on grain structure. Low power laser beam was used because grain exposure to higher power laser beam can be very destructive damaging grain and embryo as well.
2. Laser Treatement Process

Basic structure of the wheat grain is given in Fig.1. It consists of embryo, endosperm, some cover layers and it is protected with pericarp.
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Fig.1. Basic structure of the wheat grain

Laser beam source projects spot on the surface of the grain. Glaze (enamel) coating of the grain disperses laser beam over the whole surface of the grain, Fig.2. Laser beam energy is scattered through the whole grain rather than to the spot where laser beam is projected [1].
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Fig.2. Laser beam and grain interaction – light and energy scattering

Experimental laser beam source for wheat grain treatement is a low power ouput device because higher laser beam power can permanently damage grain, although the time interval of exposure to the laser beam source was very short.  The influence of laser beam wavelength on grain treatement efficiency is still unresolved because laser beam – grain interaction is still unknown in detail. Time interval of laser beam exposure of the grain depends on the grain structure, ie. sort of a grain. Thiner glaze coating requires shorter time interval of laser beam exposure of the grain. This work will show that influence of low power visible wavelength laser beam source ( red wavelength area – 627nm and 0.95mW power output ) have positive effect on surface seed-born fungi removal from wheat grain. It is shown [1] that laser beam source can be used for excesive humidity removing proces, ie. grain preprocessing for latter storaging. Thus, we can use laser beam source to eliminate excesive humidity and to remove surface seed-born fungi. With only one process we can perform two jobs at the same time – removing humidity and removing fungi. After fungi removal process it is important to store treated grains in sterilized environment because fungi could attack again.

The experiment is given in Fig.3. It consists of laboratory semiconductor visible wavelength laser ( 627nm – red wavelength area ) with low power output ( 0.95mW ).
Grains are planted in small concavity on rounded metal plate. Above plate there is laser beam source.
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Fig.3. Schematics of laboratory laser beam treatment device
Plate is mobile; its rotation speed has been controled and each wheat grain is exposed to laser beam for equal short period of time. In this way we can expose only one side of the grain to laser beam. After the mechanism ( rotating plate ) finishes one full period, each grain has to be turned upsidedown. It is performed manually and this portion of a process takes a most of the experiment time. After the grains have been turned upside-down, process of exposing grains to laser beam is repeated once again so each side of grain recieves the same dosage of laser beam radiation. We can point out one of advantages of this kind of grain processing – we can monitor process for each grain individualy. But, we must point out disadvantage – device is constructed in the way to expose one grain at a time to laser beam source and this takes a lot of time to treat larger quantity of grains. 
3. Experimental Results

In this experiment we used two sorts of wheat grain – 'Srpanjka' and 'Super žitarka'. Grains from each sort are artificially infected  with three types of fungi: Alternaria, Penicillium and Fusarium. Infected grains are then divided in several groups: control group to compare results with and three more groups. Each of these groups, except control group, are diferently treated. One group of grains is chemically treated with Vitavax, and the other two are treated with laser beam. One group of laser beam treated grains have shorter time exposure to laser beam source ( 3 or 5 sec. which depends on sort of grains ) and the other group of grains have longer time exposure to laser beam source ( 6 or 10 sec. ). Grain exposure to laser beam depends os sort of grains, ie. it depends on grain structure. Grains with thicker glaze coating ( Super žitarka ) have longer time of exposure to laser beam and grains with thiner glaze coating ( Srpanjka ) have shorter time of exposure to laser beam.

Results for each group of grains are shown in tables below.
	Super žitarka


	Srpanjka

	Fungi / Grain defect

Control group

 

A

B

 

 

 

 

 

62%

59%

61%

Fusaruim spp.

33%

41

37%

Penicilium spp.

2%

 

1%

Alternaria spp.

3%

 

1%

Embryo defect

 

 

 


	Fungi / Grain defect

Control group

 

A

B

 

 

 

 

 

73%

69%

71%

Fusaruim spp.

22%

27%

24%

Penicilium spp.

 

 

Alternaria spp.

5%

4%

5%

Embryo defect

 

 

 



	a)
	b)


Table 1. – Control group sprouting
We can see from Table 1. that grain sprouting percentage ( 61% ) is below minimum 
( 75% ). Fusarium is the main couse grains have low level of sprouting.

	Super žitarka


	Srpanjka

	Fungi / Grain defect

Vitavax

 

A

B

 

 

 

 

 

87%

91%

89%

Fusaruim spp.

11%

9%

10%

Penicilium spp.

 

 

Alternaria spp.

 

 

Embryo defect

2%

 

1%


	Fungi / Grain defect

Vitavax

 

A

B

 

 

 

 

 

86%

96%

91%

Fusaruim spp.

14%

4%

9%

Penicilium spp.

 

 

Alternaria spp.

 

 

Embryo defect

 

 

 



	a)
	b)


Table 2. – Vitavax treated group of grains
Chemically treated group of grains shows significantly better resuls then control group. Percentage of infected grains after treatment is 10% or below. 
	Super žitarka


	Srpanjka

	Fungi / Grain defect

Laser 2 x 5 sec
 

A

B

 

 

 

 

 

68%

74%

71%

Fusaruim spp.

28%

26%

27%

Penicilium spp.

 

 

Alternaria spp.

2%

 

1%

Embryo defect

2%

 

1%


	Fungi / Grain defect

Laser 2 x 3 sec
 

A

B

 

 

 

 

 

82%

69%

76%

Fusaruim spp.

18%

31%

24%

Penicilium spp.

 

 

Alternaria spp.

 

 

Embryo defect

 

 

 



	a)
	b)


Table 3. – Laser beam treated group of grains – shorter time of exposure
As shown in Table 3. shorter time laser beam exposure of grains indicates better results then control group but significantly lower percentage of sprouting then group of grains treated with Vitavax.
	Super žitarka


	Srpanjka

	Fungi / Grain defect

Laser 2 x 10 sec

 

A

B

 

 

 

 

 

84%
77%
81%
Fusaruim spp.

10%
23%
16%
Penicilium spp.

2%
 

1%
Alternaria spp.

2%
 

1%
Embryo defect

2%
 

1%

	Fungi / Grain defect

Laser 2 x 6 sec

 

A

B

 

 

 

 

 

90%
92%
91%
Fusaruim spp.

4%
2%
3%
Penicilium spp.

4%
2%
3%
Alternaria spp.

2%
4%
3%
Embryo defect

 

 

 



	a)
	b)


Table 4. - Laser beam treated group of grains – longer time of exposure
Longer time laser beam exposure of grains shows better results, comparable to group of grains treated with Vitavax. This is base for further investigation. Future experiments will determine exact period of time needed for laser beam treatment of any type of grains 
( corn, wheat, soybeen, etc.).
4. Conclusion

Laser beam treatment for removing surface seed-born fungi instead of chemicals is clean and ecological way to perform grain preprocesig for later storaging and this process complies with most ecological demands for production. Results of laser beam treated groups of grains are comparable to results of chemically treated ( Vitavax ) group of grains. Advantage of laser beam treated grains is compliance with ecological standards for industry production – no harmful chemicals for people or environment. But, we must poin out one disadvantage – laser beam treated grains have to be preserved in sterile environment to prevent fungi infection while chemical treatment preserves grains from further infections. 

Further experiments will show exact influence of time interval of laser beam exposure of grains to grain sprouting. We also have to ask ourselves can we avoid undesirable effects of laser beam treatment and how to avoid them. 
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