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Abstract: Hermetic bag (HB) has emerged as a significant alternative to other methods of storage. The
study was conducted to compare traditional storage system along with HB bag in Bangladesh
Agricultural University in completely randomized design with three replications of six treatments — Dole,
Motka, Plastic Drum, Plastic Bag, HB i.e. Perdue Improved Crop Storage (PICS) and GrainPro Bag. The
changes of moisture content (MC) of stored rice were found maximum in Dole. Because upper surface of it
is open and paddy is hygroscopic. Whereas, MC remained same (12%) in GrainPro and PICS bags during
five months. Since these are airtight and prevent moisture exchange with surrounding. Increased moisture,
high temperature and relative humidity favored insect infestation in traditional storage technologies.
Consequences, the highest storage loss of stored rice was found in Motka followed by Dole and plastic bag
undoubtedly due to persistence of high MC and oxygen whereas no insect infestation was observed in HB.
Due to porous behavior of Dole, Motka and Plastic bag permits serious loss by insects than that in HB.
Germination capacity fell down to 42% in Dole. It was observed (> 92%) in HB. Highest financial benefit
can be obtained using PICS Bag followed by GrainPro Bag and Plastic Drum. HB made insecticide use
redundant in paddy storage, maintain seed viability. However, HB may be adopted widely at farmers' level
for ensuring quality seed and enhancing food availability.
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1 Introduction

Hermetical Storage generates an oxygen-depleted, carbon dioxide-enriched atmosphere caused by the
respiration of stored paddy and the living organisms. It restricts moisture migration from the environment
to the grain, protection from rodents, reducing losses of germination of grain. The technology is suitable
for storage of a variety of seeds to preserve germination potential and vigor. In Bangladesh, farmers
generally store paddy in traditional storage technologies which are not durable or functional and stored
paddy seed in such technologies is subjected to damage due to biological, environmental and other factors.
Seed is one of the vital inputs for crop production. Using good quality seed, rice yield could be increased
by 15% to 20%. In Bangladesh, more than 80% of the rice seeds are produced and preserved by farmers
Fakir et al., (2004). In most cases farmer’s stored seeds are badly infested with stored grain pests and
moulds with very poor germination (Mia et al., 2000). Food availability refers to the physical presence of
food at various levels from house hold to national level, be that from own production or through markets
(FANTA,2006).The net availability of paddy is considerably less than its gross production due to all these
factors. Abundance of O,, high temperature and relative humidity promote the growth of insect population
and molds caused quality deterioration. These problems are eliminated through the lethal effect of a low
O,/ high CO, atmosphere produced through respiration processes. Under hermetic conditions, stored
commodities with intermediate moisture contents generate modified atmospheres due to the respiration of
the microflora and the commodity itself. Hermetic storage protects especially seeds from different
infestations. Many studies in colder regions with distinctive cold seasons have found that this type storage
maintains germination of 85% or more for the periods up to 9 months, while conventional storage in jute
bags reduces germination down to 14% to 76% within 3 months. Few researches conducted on benefits of
hermetic storage in Philippine, Mexico and found better in their climate context. Bangladesh faces a
different challenge in paddy storage in terms of warm temperatures (10°C to 37°C) and high ranges of
relative humidity (43% to 89%) which favors rapid insect infestation (Hossain et al. 2017). How much
feasible the hermetic storage is in Bangladesh context, ingress rate of O, or CO, level is sufficient to arrest
the insects’ damage should be answered? No study has been available in scientific arena of the feasibility
of hermetic bag. Therefore, the study has been undertaken to assess hermetic bags in paddy storage in
hot and weather of Bangladesh.
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2 Methodology
The study was carried out in the Department of Farm Power and Machinery (DFPM) postharvest
preservation and processing laboratory, Bangladesh Agricultural University (BAU), Mymensingh.

Properties of hermetic bags

Thickness, tensile and seal strength of hermetic bags were determined with Micrometer; Universal, Seal
Strength, Water Vapor Transmission Rate (WVTR) testing machine, respectively. Produced O, and CO,
concentration in stored paddy in GrainPro, PICS and locally available polythene bags was measured using
a Mocon PAC Check Model 325 headspace analyzer.

Moisture content

Moisture content of paddy was determined by digital moisture meter, Moisture Check PLUS™, SW08120.
Moisture content was expressed as percentage.

Determination of storage loss

Storage loss of paddy was measured by the weight of paddy before (A) and after storage (B) (Gangwar and
Singh, 2007 and Basavaraja, Mahajanashetti and Udagatti, 2007), (FAO, 1980).

A-B
Loss of storage = ------------- x 100%
A
Germination test

Germination (%) of sample was determined on sand media in plastic box following the International Seed
Testing Rules (ISTA, 1999).

Partial budgeting of different technologies in paddy storage

Gross margin of different storage technologies through partial budgeting for seed purposes was estimated
according to Table 1. Positive effect is the sum of total additional income and total reduced cost by the
proposed technology. Negative effect is the sum of total reduced income and total additional cost of the
existing technology. And gross margin is the difference of positive effect of proposed technology and
negative effect of existing technology. Positive difference in gross margin indicated the additional amount
of financial benefit can be earned by the proposed technology than the existing one.

Table 1. Estimated gross margin through partial budgeting for seed purpose

Source: TAI=Total Additional Income; TR.C=Totzl Reduced Cost; TRI=Total Reduced Income;
TAC= Total Additional Cost; Totzl A= Sum of Positive effect; Total B= Sum of Negative effact

Changes from Plastic Drum to | Changes from Dele to Plastic | Changes from Plastic Drum to
PICS Bag Drum GrainPro Bag

Positiv. | Valu | Negativ | Valu | Positiv | Valu | Negativ | Valu | Positiv | Valu | Negativ | Valu
e e e Effect | e e e e Effect | e e e e Effect | e
Effect | (Tk.) (Tk) | Effect | (Tk) (Tk.) | Effect | (Tk) (Tk)
TAI TEI TAT TEI TAIT TRI

TRC TAC TRC TAC TRC TAC

Total Total B Total Total B Total Total B

A A A

Change in gross margin: Change in gross margin: Change in gross margin:

Total A minus Total B Total A minus Total B Total A minus Total B

3 Results and discussion
Properties of hermetic and locally available seed bag

Thickness of PICS, GrainPro and locally available seed company bags were found 95-100, 75-80, and 104-
107 micron, respectively. Tensile and seal strengths of those bags were found 13.33, 19.55; 7.42, 13.33;
13.91, 44.19 g/mm?, respectively. Water vapor transmission rate of PICS, GrainPro, and locally available
seed company bag was found 0.07, 0.09 and 0.51 g-m?/day, respectively.O, concentration level of stored
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paddy in PICS bag was decreased from 20.76% to 20.6% slightly upto fourth days then sharply decreased
to 6.04% within third week (21" days) of storage and dropped to 3.38% with slight fluctuations until 28"
days. In the mean time, CO, concentration (0.18%) sharply increased to 10.5% in 21" days and then rose to
13.01% in 28" days (Figure 1(a)). In GrainPro bag, O, concentration (20.76%) level in stored paddy was
decreased slowly to 18.07% upto 17" days of storage then drastically fell to 4.71% within fourth week
(28" days) of storage. Meanwhile, CO, concentration (0.19%) gradually increased to 1.96% until 17" days
and then sharply rose to 10.26% in 28" days as shown in Figure 1(b). Hermetic storage is based on the
principle of generation of an oxygen depleted, carbon dioxide-enriched interstitial atmosphere caused by
the respiration of the living organisms in the ecological system of a sealed storage. In locally available
company seed pack (ACI Limited), O, and CO, concentration level in stored paddy was remain constant at
19.78 and 0.20% during storage, respectively.

N — o200 X ] ——02(%) —8-CO2(%)
20 PICS Bag Qo GrainPro Bag
~ c
c
"%5 .%5 i
g0 20 -
g 3
E S 1
OO rrrrrrrrrrrrrrrrrrrrrroriorid
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135 7 911131517192123252729
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Figure 1. O, and CO, concentration in stored paddy in a) PICS and b) GrainPro bags

Moisture content of stored Boro paddy

The changes of initial moisture content (12%) in stored Boro paddy after five months of storage under
different storage technologies (Dole, Motka, Plastic Bag, Plastic Drum, GrainPro Bag and PICS Bag) is
presented in Figure 2. Maximum moisture content was recorded in Dole (15.6%) followed by Motka,
Plastic Bag, Plastic Drum and GrainPro Bag (12.7%). And minimum moisture content was found in PICS
Bag (12.5%). Rate of change of moisture content was higher in Dole followed by Motka, Plastic Bag,
Plastic Drum and GrainPro Bag. Moisture content was remained almost same in PICS Bag during storage.
Air temperature and relative humidity in storage room varied in magnitude with fluctuations of outside
temperature and relative humidity. Moisture content of seed is dependent on the relative humidity of the
storage room. It increased highly in Dole, Motka and Plastic bags and was almost stable in the Plastic
Drum. Its pattern was observed almost unchanged for stored paddy in hermetic bags (HB) i.e. GrainPro
and PICS bags. Changes in paddy moisture content depended upon the storage system. Paddy moisture
levels in the traditional storage technologies fluctuated 2-4% over traditional storage. Using a hermetic
system reduced the variation to less than 1%. The lower variation of moisture content of seed was
maintained by PICS Bag followed by GrainPro Bag and these moisture data were not significantly
different. Increase or decrease in moisture content of stored paddy was not same in all storage technologies
due to the differences of vapor transmission capacity of those. The storage technology having higher vapor
transmission rate facilitated higher increase or decrease in the moisture content of the stored paddy. These
results indicate that hermetic bag maintained the equilibrium moisture content of seeds compared to that of
traditional technologies. Similar result was reported by (Kreyger, 1963) who observed that, in sealed
containers, the moisture content of the seeds determines the humidity of the internal atmosphere. Under
such conditions dry seeds can not absorb moisture from the external atmosphere. Controlling the
equilibrium moisture content of the grain during storage is the most important factor in maintaining a safe
storage environment. As paddy is hygroscopic it equilibrates with its surrounding environment, and the
atmospheric conditions in most Asian countries will cause grain to equilibrate at moisture levels above
15.5% during the wet season. PICS and GrainPro bags are found effective in controlling of moisture, CO,
and O, concentration exchange of stored paddy in hermetic bags with outside atmosphere. Puffed rice and
ACI seed bags are not suitable for seed storage as there is no O, barrier in these polyethelyne bags.
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Figure 2. Changes of moisture content of paddy at different period of storage

Storage loss of paddy and possible reduction

Storage loss of paddy occurred due to insect infestation and weight loss. The highest percentage storage
loss of paddy was found 6.27% in Motka after five months followed by Dole(6.00%), Plastic Bag (4.74%),
Plastic Drum (1.12%), GrainPro and PICS Bags (0.05%) as shown in Figure 3. Storage loss of paddy can
be reduced by 6.47% using PICS bag followed by GrainPro bag, Plastic drum, Plastic bag and Dole
(0.57%), respectively over Motka. Highest amount of storage loss can be reduced using hermetic storage
followed by Plastic drum, Plastic bag and Dole over Motka. Storage loss of paddy occurred due to insect
infestation and weight loss. Storage loss of paddy due to insect infestation was found maximum at
Motka followed by Dole, Plastic Bag and Plastic Drum in stored paddy both in Boro season. Thakur
and Gupta (1996) and Mandal et al. (1984) also made similar observations. No loss due to insect
infestation was occurred in stored paddy of GrainPro and PICS Bags. Almost similar observation was
given by Howlader et al. 2004, Mia et al. (2003). Fakir et al. (2003) also stated that the number of insect
population during storage varied with respect to storage containers, storage period and additives used. No
significant difference was observed between GrainPro and PICS bags.

*  Mean

& Li5=laboratory condition 2015
= - M15=Field condition(Manirampur) 2015
P15=Field condition[Phulpur) 2015

& = L16=laboratory condition 2016
M16=Field condition|Manirampur) 2016
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Figure 3. Loss of stored paddy in different storage technologies

Germination percentage

During storage, germination of stored paddy was found 97%. It showed that storage technologies have
effect on germination of paddy. In Boro season, highest germination percentage was recorded in PICS Bag
(93%) followed by GrainPro Bag (92%), and Plastic Drum (81%) (Figure 4).Germination was found less
than acceptable limit (80%) in Dole, Plastic Bag and Motka. Germination of stored in Motka produced
lowest germination (62%). Storage technologies showed significant effect on germination of paddy. In
Boro season, highest germination percentage was recorded in PICS Bag (92%) followed by GrainPro Bag,
and Plastic Drum (~80%) which is within the standard of Bangladesh. Percentage of germination was
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found less than acceptable limit (<80%) in Dole, Plastic Bag and Motka. The decline was the highest of
stored paddy in Motka. Germination percentage of stored paddy was decreased due to insect infestation. At
the onset of storage paddy germination was counted 97%.The possible reason for heavy loss of
germination in Motka as being black painted from outside to the attraction of insect might have been
maximum which lead to highest germination loss. The minimum damage of was observed in hermetic bag
because it good barrier in moisture and oxyzen movement. Higher germination rates were observed in
hermetic bags. A decline in paddy seed germination with time is in conformity with the results discussed
by Huynh Van Nghiep et al. (2005). IRRI showed safe storage in the smaller SuperGrain bags (60 kg)
(Rickman and Aquino, 2004; Villers and Gummert, 2009). Other studies on hermetic storage of paddy and
corn seed in Mexico, Thailand, Bangladesh, and Cambodia showed similar results for periods of 90-280
days with germination rates at the end of the period from 95 to 98.3% (Jonfia et al., 2010). Degeneration of
vital enzymes due to denaturation and coagulation of protein molecules during storage may be possible
reason for decreased germination in cereals (Weidner et al., 1996). For paddy and maize, germination of
seed was 85% or more for periods up to 9 months, while conventional storage in jute bags reduced
germination to 76% to 14% within 3 months (Villers et al., 2010). According to Chinget al. (1960),
impermeable containers keeps seed moisture content lower but in permeable storage containers seed
moisture content goes up gradually during storage reducing seed quality depending on reduction in
germination percentage. At 15.5% moisture level invasion of storage fungi and germination percentage
reduction of paddy were proportional to increasing moisture content and the length of storage. Rahman et
al. (2003a) reported that moisture content and germination of farmers stored paddy seeds varied from
11.7% to 16.5% and 61% to 78%, respectively with respect to containers which is similar to this study. So,
hermetically paddy storage may be good option in Bangladesh for getting quality seed.
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Figure 4. Germination of stored paddy in different storage technologies
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Substitution proposition of selected paddy storage technologies

Table 2 indicated PICS Bag is the best technology financially than that in GrainPro Bag, Motka and Plastic
Bag in paddy seed storage. If a farmer uses PICS Bag in paddy seed storage, can gain Tk. 66,710/ton/yr
followed by Motka, Plastic Bag, Plastic Drum and GrainPro Bag(Tk. 65,410/ton/yr). The substitution
propositions among the selected storage technologies indicated that hermetic bags i.e. PICS and GrainPro
bags over other traditional storage technologies for seed purpose storage appeared as the most impressive.
Farmers who wish to store paddy, either of the technology he can choose among two types of hermetic
bags, taking into account price, profitability and durability. Hermetic storage appeared as an alternative to
traditional technologies are found (Sabio et al., 2006). Cost effectiveness of hermetic technology is an
important consideration for all users provides an interactive calculation of return on investment (ROI) and
payback in years (De Bruin et al., 2012). The costs to store rice seed was investigated in the Philippines,
observed hermetic storage to be the lowest total cost alternative (Sabio et al., 2006). Economic benefits
improve at the farm level food and health security by virtue of reduction in storage loss; and ability to hold
crops until market selling price is high.
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Table 2: Substitution proposition of selected paddy storage technologies in seed storage

Plastic Bag Plastic Drum GrainPro Bag PICS Bag
Motka Tk.13940/ton/yr Tk. 27980/ton/yr Tk. 65410/ton/yr Tk. 66710/ton/yr
Plastic Bag Tk.14040/ton/yr Tk. 51470/ton/yr Tk. 52770/ton/yr
Plastic Drum Tk. 37430/ton/yr Tk. 38730/ton/yr
GrainPro Bag Tk.1300/ton/yr
PICS Bag
4 Conclusion

Hermetic bag can be an appropriate method for rice seed storage which eliminates the use of insecticide. In
traditional storage technologies, MC of paddy increased highly in Dole, Motka and Plastic Bag; slightly in
Plastic Drum. Paddy is hygroscopic, equilibrates with surrounding environment receiving moisture. As a
result, in traditional storage technologies insect populated massively cause major storage, germination and
financial losses. Whereas moisture content remained constant (12%) in GrainPro and PICS bags during
five months of storage, because, these bags were airtight and stored rice of it did not absorb moisture from
the atmosphere. After five months of storage, average germination capacity was fall down to 42% in Dole,
however, it was above acceptable range (= 92%) in HB. PICS and GrainPro bags were found as hermetic
while locally available seed bags had not such trait. HB can reduce germination and storage loss, maintain
seed viability. In paddy seed storage, GrainPro and PICS bags was obtained economically profitable.
Hermetic bag appeared as an alternative to traditional technologies.

Acknowledgement

This research was performed as part of PHLIL project *“USAID Post-Harvest Loss Reduction Innovation
Lab-Bangladesh Component’” funded by the USAID and ADM Institute for the Prevention of Post Harvest
Loss, University of Illinois, USA (Grant Number: UReRA 2015-05296-01-00).

References

Basavaraja, H., Mahajanshetti, S. B., & Udagatti, N. C. (2007). Economic Analysis of Post-harvest Losses
in Food Grains in India: A Case Study of Karnataka. Agricultural Economics Research Review,
20, 117 - 126.

Ching TM, Taylor HL, Rowell PT. (1960). Change of forage seed quality under different simulated
conditions. Agron J 52: 37-40.

De Bruin T, Navarro S, Villers P, Wagh A. (2012) Worldwide use of hermetic storage for the preservation
of agri-cultural products. In: Navarro S, Banks HJ, Jayas DS, Bell CH, Noyes RT, Ferizli AG,
Emekci M, Isikber AA, Ala-gusundaram K, [Eds.] Proc 9th. Int. Conf. on Controlled Atmosphere
and Fumigation in Stored Products, Antalya, Turkey. 15 — 19 October 2012, ARBER Professional
Congress Services, Turkey pp: 450-458.

Fakir, G. A, I. Hossain; M. U. Ahmad; M. K. Anam; M. N. Alam and M. Rahman. 2003. Effect of
ash, chalk powder and neem leaf on quality of boro rice seed stored in gunny bag, motka,
plastic drum and tin. P. 1-37. A report for presentation in the review and planning meeting of
the rice seed health improvement sub-project held at BRRI, Gazipur, Bangladesh during 21-
22 April, 2003.

Fakir, G. A. (2004). A monograph on seed health and quality of farmer-saved rice seed in Bangladesh.
Rice seed health improvement sub-project, PETRRA, IRRI, Banani, Dhaka p: 53.

FANTA. 2006. Food and Nutrition Technical Assistance, Food Security,
http://www.fantaproject.org/focus/foodsecurity.shtml (Last consulted: July 11, 2007)

7" Int. Conf., December 18-19, 2019, Dept. of Statistics, RU Page | 722



Mohammad Afzal Hossain, MA Awal, MR Ali and MM Alam

Food and Agriculture Organization. 1980. Assessment and Collection of Data on Post-harvest Food Grain
Losses, FAO Economic and Social Development Paper 13. Rome.

Gangwar, L. S., Singh, D. & Singh, D. B. (2007). Estimation of post-harvest losses in Kinnow Mandarin in
Punjab using a modified formula. Agricultural Economic Research Review. 20 (July-December
2007), 315 - 331.

Howlader, M.T.H (2004). Relative abundance of insect pests and loss assessment of rice seeds at different
storage conditions. J. Bangladesh Agril. Univ. 2(2): 271-279, 2004.

Hossain, M.A., Awal, M.A., Ali, M.R. and M.M. Alam, 2017. Use of Moisture Meter on the Post-harvest
Loss Reduction of Rice, Progressive Agriculture 27 (4): 511-516, 2016.

Howlader, M.T.H. (2004). Relative abundance of insect pests and loss assessment of rice seeds at different
storage conditions. J. Bangladesh Agril. Univ. 2(2): 271-279, 2004.

Huynh Van Nghiep, Ashok Gaur. 2005. Efficacy of seed treatment in improving seed quality in rice
(Oryza sativa L.). Omonrice, 13: 42-51.

International Seed Testing Association (ISTA) (1999). International Rules for Seed Testing. Seed Science
and Technology, 27, Supplement, 333pp.

Jonfia-Essien W., S. Navarro and P. Villers. 2010. Hermetic storage: a novel approach to the protection of
Cocoa beans. African Crop Science Journal, Vol. 18, No. 2, pp. 59 — 68.

Kreyger, J., 1963. General considerations concerning the storage of seeds. Proc. Inst. Seed Test. Assoc.,
28: 827-835.

Mia MAT, Shirin AJ, Akter S, Miah S (2000). Quality of farmers saved seed in Barisal, Gazipur,
Chuadanga and Hobiganj districts of Bangladesh and impact of manual cleaning. Improvement
for increasing yield and reducing pest pressures in Bangladesh. Presented in the review and
planning meeting on rice seed health held at BIDS, Dhaka, Bangladesh.

Mia MAT, Rahman S, Begum JA (2003) Evaluation of storage methods for safe storage of rice seed. Paper
presented in the review and planning workshop of rice seed health improvement sub-project, to be
held at BRRI, Gazipur, Bangladesh p: 18.

Mandal G., Samajpati, J.N.; and Rashid, M.A. 1984. Studies on grain storage structures in Mymensingh
district, Bangladesh. Agricultural Mechanization in Asia, Africa and Latin America. 15(4): 50-54.

Rahman MM, Nayer MN, Anayetullah M (2003a) Performance of seed container and additives on rice
seed preservation with Boro rice seed during 2002-2003. A report presented in the review and
planning meeting of the rice seed health improvement sub-project held at BRRI, Gazipur,
Bangladesh pp: 5-6.

Rickman, J.F. and Aquino, E. 2004. Appropriate Technology for Maintaining Grain Quality in Small-scale
Storage. Donahaye, E.J., Navarro, S., Bell, C., Jayas, D., Noyes, R., Phillips, T.W. [Eds.] (2007),
pp. 149-157. Proceedings of the International Conference on Controlled Atmosphere and
Fumigation in Stored Products, Gold-Coast Australia 8-13" August 2004.. FTIC Ltd. Publishing,
Israel. http://www.ftic.info/CAFsite/CAF.html

Sabio GC, Dator JV, Orge RF, Julian DDT, Alvindia DG, Miranda GC, Austria MC. (2006). Preservation
of Mestizo 1 (PSB Rc72H) seeds using hermetic and low temperature storage technologies. In:
Lorini I, et al., (eds) Proc 9" Int Work Conf Stored ProdProt Campinas, Sao Paulo, Brazil,
ABRAPOS: 946-955. http://www.tis-gdv.de/tis_e/ware/.

Thakur A. K. and A. K. Gujpta. 2008. Physical Losses in Bagged Paddy Grain in Open Environment.
Journal of Agricultural Engineering, Vol. 45 (No. 2) 2-5.

Villers, P., Navarro, S., De Bruin, T., 2010. Development of Hermetic Storage Technology in Sealed
Flexible Storage Technologies. Available on. www.grainpro.com (10th May 2013).

Villers, P. and Gummert, M. 2009. Seal of Approval. Rice Today, January - March 2009. pp. 36-37.

1 Weidner Stanislaw, Paprocka J, Lukaszewicz D. 1996. Changes in free, esterified and glycosidic
phenolic acids in cereal grains during the after-ripening, Seed Sci. and Technol. 24(107-114).

7" Int. Conf., December 18-19, 2019, Dept. of Statistics, RU Page | 723


http://www.grainpro.com/
https://www.researchgate.net/profile/Stanislaw_Weidner2
https://www.researchgate.net/scientific-contributions/2071434436_Paprocka_J
https://www.researchgate.net/scientific-contributions/77309961_Lukaszewicz_D

View publication stats


https://www.researchgate.net/publication/348434163

	3 Results and discussion
	1 Weidner Stanislaw, Paprocka J, Łukaszewicz D. 1996. Changes in free, esterified and glycosidic phenolic acids in cereal grains during the after-ripening, Seed Sci. and Technol. 24(107-114).

