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2005 
Post Harvest Systems Development 

Progress Report 
From October 2004  to  31 January 2005 

 

ACTIVITIES  2:   HERMETIC STORAGE
Background 
Rice storage is important.  Current storage practices in ordinary bags by farmers result in 
rapid lowering of quality, even after as short as 3 months.   
IRRI did research and got positive results on sealed or hermetic storage.  The system relies on 
having the atmosphere within the grain modified through respiration by the grain, insects or 
fungi;  the oxygen content in the hermetic bags is dramatically reduced, often to less than 4%, 
and the carbon dioxide content increased to a level where aerobic respiration is no longer 
possible.   
Thus, the need is to replicate under Vietnamese conditions before promoting at wider scale 
these systems of hermetic storage. 

Objective 
To compare the performance of 4 different storage methods (Figure 7): 

- Hermetic storage in stainless tank. 
- Hermetic storage in IRRI “Super” bags. 
- Storage by the bag-in-bag  method (as currently practiced by the Southern Seed 

Company). 
- In plain, ordinary PE bags.  

 
Figure 7:     Hermetic storage set-up 

(a):   In different bag systems ;   (b) In stainless closed container 
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Time and place 
The experiment started from 7 December 2004 and is expected to last until 7 December 2005, 
at the Center for Agricultural Energy and Machinery (CAEM) of Nong-Lam University.  
Samples were sent to Cuu-Long Delta Rice Research Institute (CLRRI) for analysis and 
quality and chemical properties. 

Materials and method 
The measurements included: 

- Oxygen (O2) level over time. 
- Insect count (live/ dead) 
- Germination percentage 
- Milling properties (milled rice recovery, head rice recovery, whiteness, chalkiness) 
- Chemical properties (amylose content, gelatinisation, gel consistency) 

One variety was used in the experiment.  The total paddy quantity is about 3000 kg, 
distributed in one 500-L stainless tank, 12 “Super” bags, 12 bag-in-bag  bags,  and 12 plain, 
ordinary PE bags. 

Results  and discussion 
Input quality 

Physical and chemical analysis of the input paddy samples are in Appendix 1 
The paddy is rather dry,  the MC was 11.5% ± 0.1% Std.Deviation by oven method, and 12.4 
± 0.32 by the moisture meter.  Paddy had been cleaned, with only 0.5% impurities; and 0.6% 
combined immature, black, and damaged kernels.  The low germination rate of 46% is 
probably due to early analysis only a few days after drying, the dormancy might not be 
overcome. 

Oxygen decrease 
A typical graph on the variation of oxygen is shown in Figure 8. 
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    (a) :  Super bag 
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    (b) :  Bag-in-bag 
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    (c) :  Stainless tank 

Figure 8:  Oxygen variations over time 

From the graphs, the decrease in oxygen level was not as expected.  We are currently re-
inspecting to find whether there is leakage due to improper sealing.  Preliminary findings 
pointed to that causes, though to be verified by supplemental and simple experiments, which 
are underway. 
... 

CONCLUDING REMARK 
The 6 activities as outlined in the Agreement are making progress.   
... 
Except for the hermetic storage experiments which need to be replicated, the initial results 
from other activities are rated as satisfactory.   
... 
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2006 
Post Harvest Systems Development Progress Report 

From February 2005  to  31 March 2006 

 

ACTIVITIES  2:   HERMETIC STORAGE
Background 
Rice storage is important.  Current storage practices in ordinary bags by farmers result in 
rapid lowering of quality, even after as short as 3 months.   
IRRI did research and got positive results on sealed or hermetic storage.  The system relies on 
having the atmosphere within the grain modified through respiration by the grain, insects or 
fungi;  the oxygen content in the hermetic bags is dramatically reduced, often to less than 4%, 
and the carbon dioxide content increased to a level where aerobic respiration is no longer 
possible.   
Thus, the need is to replicate under Vietnamese conditions before promoting these systems of 
hermetic storage at wider scale. 

Objective 
At NLU, the objectives were to compare the performance of  different storage methods:  

- Hermetic storage in stainless tank.    Coded:  TANK 
- Hermetic storage in IRRI “Super” bags.   Coded:  IRSB 
- Storage by the bag-in-bag  method (as currently  

practiced by the Southern Seed Company).   Coded:  SSBB 
- In plain, Ordinary PP bags.      Coded:  PPOR 

At the collaborating Seed Stations, the objectives were to introduce the hermetic storage to 
the local people, while collecting additional data. 

Time and place 
The experiment started from 7 December 2004 and lasted until end of December 2005  at the 
Center for Agricultural Energy and Machinery (CAEM) of Nong-Lam University.  Samples 
were sent to Cuu-Long Delta Rice Research Institute (CLRRI) for analysis and quality and 
chemical properties. 
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Figure 5:     Hermetic storage set-up at NLU 

(a):   In different bag systems ;   (b) In stainless closed container 

Four collaborators at the Provinces were selected for hermetic storage trials.  They compared 
the storage by SuperBags  with other methods currently in use.  The collaborator on peanut 
storage also compared with refrigerated storage. These were: 

PLACE TIME 
Long-Phu Seed Station  
(of Soc-Trang Seed Center) 

23 March 2005 –– 30 December 2005 

Dinh-Thanh Seed Station  
(of An-Giang Seed Center) 

19 July 2005 ––(continuing) to 30 July 2006 

An-Phong Seed Station  
(of Dong-Thap Seed Center) 

18 July 2005 ––(continuing) to 30 July 2006 

Trang-Bang Peanut Seed Station
(of Oil Plants Research Institute) 

18 May 2005 –– 30 January 2006 

Materials and method 
The measurements at NLU included: 

- Oxygen (O2) level over time. 
- Insect count (live/ dead) 
- Germination percentage 
- Milling properties (milled rice recovery, head rice recovery, whiteness, chalkiness) 
- Chemical properties (amylose content, gelatinasation, gel consistency) 

One variety was used in the experiment.  The total paddy quantity is about 3000 kg, 
distributed in one 500-L stainless tank, 12 “Super” bags, 12 bag-in-bag  bags,  and 12 plain, 
ordinary PE bags. 
 
At the collaborating Seed Stations, measurements varied depending on the local available 
staff, but at least included: Moisture content, Germination percentage, and Insect count.  No 
chemical properties were monitored.  The oxygen level is occasionally measured, merged 
with some inspecting travels, in order to reduce travel cost, since it was considered as 
supplementary at promotional level. 
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Results  and discussion:  At NLU 
Input quality 

Physical and chemical analysis of the input paddy samples are in Appendix 1 
The paddy is rather dry,  the MC was 11.5% ± 0.1% Std.Deviation by oven method, and 12.4 
± 0.32 by the moisture meter.  Paddy had been cleaned, with only 0.5% impurities; and 0.6% 
combined immature, black, and damaged kernels.  The low initial germination rate of 46% is 
most probably due to early analysis only a few days after drying, the dormancy might not be 
overcome. 

Oxygen decrease in the stainless tank 
Over one year of storage, the oxygen level never decreased to lower than 18 % (Fig.5).  We 
suspected two possible causes:  Either the paddy was very low in MC, or the sealing was not 
well done.  But we were not able to trace out the real cause, in spite of different trials with 
different seals. 
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Figure 5:    Oxygen level in the stainless tank 

Oxygen decrease in the IRRI SuperBags  and  the Southern Seed Bag 
    (Fig.6)     (Fig. 7) 

NLU / Hermetic storage   7 



IRRI bags
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Figure 6:  Oxygen variation in the IRRI SuperBags  at NLU 

Southern Seed Co. Bag
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Figure 7:  Oxygen variation in the “Southern Seed bags”  at NLU 

Due to the same reason of imperfect sealing at the oxygen sampling tube, the oxygen level in 
most Superbags did not decrease to lower than 20%.  One trial: after 3 months, one bag was 
reinforced with more sealant, and could decrease somewhat further to 19%.  Thus the reason 
was apparently due to imperfect sealing.  This experience was learnt and applied for 
subsequent Seed Stations in the Provinces. 
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Germination rate  and other quality analysis 
The contrasting between the moisture increase and the germination decrease is shown in Fig. 
8 and 9.   
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Figure 8:   Moisture content change  of 4 storage treatments at NLU. 
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Figure 9:   Germination change of 4 storage treatments at NLU. 

Storage in stainless TANK, in IRSB (IRRI Superbags), SSBB (bag-in-bag of Southern Seed 
Company) all resulted in similar trends of moisture variations:  From the initial MC of 
11.8 %, they decreased to about 10- 10.5% after 7 months, then increased to 11.7- 12.3 % 
after one year.  On the other hand, the control PPOR (PP bags Ordinary) increased to 12 % 
after 3 months, and kept at that level for another 4 months, then increased sharply to 14.8 of 
the  after one year.   
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The variation in germination rate followed an opposite  trend to that of the moisture content.  
After the low initial germination of 47 % due to dormancy, from the 3rd to the 12th month, the 
germination of TANK, IRSB, SSBB all were over 90 %, while the PPOR dropped to zero 
after 10 months. 

Results:  At  Soc-Trang  Seed Center 
The 16 IRRI Superbags were tried versus 8 plastic PE bags as currently practiced at this 
Station, and 8 ordinary Jute bags  (Coded: ST-IR, ST-PE, and ST-JU respectively).  
Samplings were made every month for moisture content and germination.  Oxygen levels 
were measured 4 times during the storage span. 
Similar problems in sealing and leakage were encountered in Soc-Trang  Seed Station 
(Fig.10), where the oxygen level never dropped to lower than 19.5 %. 
As expected, the oxygen level in the ordinary plastic PE stayed at 21 %, meaning, did not 
drop at all, confirming again that this material is not hermetic in the long run. 

Soc-Trang Oxygen  (IRRI Superbags)
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Figure 10:    Oxygen variations  in “IRRI SuperBag”   at Soc-Trang  Seed Station 
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Figure 11:   MC variation and the germination versus time, Soc-Trang 

Data on the MC variation and the germination versus time (Fig.11) showed an interesting 
diverging point with the JUTE bags.  After only 3 months, the MC increased and reached 
17 % after 6 months; accordingly, the germination dropped to the useless-for-seed of 70% 
after 5 months, and 43 % after 6 months.  Milled rice quality was affected similarly:  Yellow 
kernels appeared at the 4th month and clearly shown at the 5th month.  Cooked rice taste from 
these samples was judged as bad.  The insect count increased from 10 /kg in the second 
month to a very high of 170 /kg in the 8th month/ 
On the other hand, the germination and the MC changes in both the IRRI Superbags and  the 
plastic PE bags have been good, with slightly better results for the Superbag (Fig. 11).  Both 
confirmed an age-old findings:  As long as the dried grain is kept dry continuously, the 
germination is good. 

Results:  At  An-Giang  and  Dong-Thap Seed Center 
Experiments in these two places were similar, namely, to compare the IRRI Superbag with 
the ordinary jute bags. 
Thanks to more experience in sealing the oxygen-measuring tubes, after 3 months, the 
oxygen level did drop. In An-Giang it decreased to 18.4 % (average of 16 samples) ± 1.3 % 
Std.Deviation, with a minimum reading of 15.6 %.  The corresponding figures in Dong-Thap 
were 15.2 % (average of 16 samples) ± 1.6 % Std.Deviation, with the minimum reading of 
12.2 %  (Fig. 12).   
Oxygen data taken after 190 days of storage at An-Giang on 10 remaining Superbags showed 
wide variations: Average 12.7 %, Std.Deviation 4.5 %, Max.Value 19.9 %, Min.Value 7.4 %. 
(Fig. 13) 
This pointed to the possibility that the sealant at the sampling tube cracked differently (aging 
effect) leading to different oxygen penetration.  This has been our lesson that a small thing 
might affect the overall result, thus to be cautious and aware in future experiments. 
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Figure 12:  Oxygen level at An-Giang and Dong Thap after 80 days. 
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Figure 13:  Oxygen level at An-Giang after 80  and 190 days    (thick line = average) 

Germination  and moisture change with hermetic storage at An-Giang and Dong Thap are 
shown in Figure 14.  However, after 6 months, the effect of hermetic storage was not clearly 
seen compared to the PP bags, probably due to very low MC at start (12%).  However, at 
Dong-Thap, the cause MC increase after 2 months could not be traced back.   
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Figure 14: Germination  and moisture change with hermetic storage at An-Giang and Dong Thap 

 
Figure 15:     Hermetic storage set-up  at  Long-Phu Seed Station,  SOC-TRANG 

 
Figure 16:     Hermetic storage set-up  at  An-Phong Seed Station, DONG-THAP 
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Figure 17:     Hermetic storage set-up  at  Dinh-Thanh Seed Station,  AN-GIANG 

Results:  Peanut storage  at Trang-Bang (Tay-Ninh) Seed Station 
The experiments compared 3 storage treatments:  1/ Control in ordinary PP bags; 2/ IRRI 
Superbags; and 3/ Refrigerated storage in air-conditioned room at 15 oC.   
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Figure 18: Germination  and moisture change of PEANUT with 3 storage treatments  at Tay-Ninh 

 
Results (Fig. 18) showed that both hermetic and refrigerated storage yielded superior quality 
in terms of germination rate or moisture change.  This conformed with previous results 
elsewhere:  Less respiration due to cold temperature or to low moisture lead to more 
preservation.  After 8 months, the peanut in hermetic bags from the initial MC of 5.4 % 
increased insignificantly to 5.5 %, while that in refrigerated room decreased to 4.7 %.  Both 
methods kept the germination over 95 % after 8 months.  In contrast, the MC in the control 
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bags increased appreciably, from 5.4 % to 8.1 %; thus the germination quickly dropped, from 
100 % initially, to 85 % after 5 months, and to only 31 % after 8 months. 
... 

CONCLUDING REMARK 
The 6 activities as outlined in the Agreement are making good progress.   
... 
The hermetic storage is now known and accepted technically for the 5 collaboratorswho 
begin to think on the economics of the techniques, especially on the price of the Superbags.  
... 
 

NLU / Hermetic storage   15 



 

2007 
Post Harvest Systems Development Progress Report 

From April 2006  to  April 2007 
... 

ACTIVITIES  2:    HERMETIC STORAGE
Background 
Rice storage is important.  Current storage practices in ordinary bags by farmers result in 
rapid lowering of quality, even after as short as 3 months.   
IRRI did research and got positive results on sealed or hermetic storage.  The system relies on 
having the atmosphere within the grain modified through respiration by the grain, insects or 
fungi;  the oxygen content in the hermetic bags is dramatically reduced, often to less than 4%, 
and the carbon dioxide content increased to a level where aerobic respiration is no longer 
possible.   
In the previous year 2005, quite a number of experiments was replicated under Vietnamese 
conditions.  Results confirmed  the advantage of hermetic storage.   The moisture in hermetic 
bags from the initial level of 12 % did not increase beyond 12.5 % after one year, while the 
germination rate was over 90 % after 10 months.  On the other hand, the MC of  paddy stored 
in the ordinary PP bags increased to 15 % after one year, and the germination dropped to zero 
after 10 months.  The same trends was observed with peanut. 
In some of the above experiments, the oxygen never decreased to lower than 18 %, and the 
cause was detected as improper sealing of the oxygen-sampling tube.  Thus the experiments  
is repeated with paddy in 2 places to re-affirm the reason.  Moreover, a “new” material, 
namely the rice bran, is tried in line with the market survey on the bran price. 

Objective 
1. To monitor the storage of paddy in hermetic IRRI-Super bags at 2 Provincial Seed 

Stations. 

2. To monitor the storage of rice bran  in hermetic IRRI-Super bags at Nong-Lam 
University. 

Materials and method 

For paddy: 
Two former collaborators at the Provinces were continued with IRRI Superbags, namely 
Dinh-Thanh Seed Station (of An-Giang Seed Center), An-Phong Seed Station (of Dong-Thap 
Seed Center).  At each Station, there were 5 hermetic bags with oxygen-sampling tubes, and 
5 bags sealed without oxygen-sampling tubes, and 2 polypropylene (PP) bags ordinary bags 
as control. In both Stations,  the Jasmine-85 variety was used for the experiments  (Figure 1). 
Measurements included: Moisture content, Germination percentage, and Insect count.  The 
oxygen level is occasionally measured, merged with some inspecting travels, just to re-affirm 
that the sealing of the oxygen-sampling tubes was proper.    
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For rice bran: 
At Nong-Lam University,  experiments with rice bran storage was conducted with 8 hermetic 
bags with oxygen-sampling tubes, and 4 PP bags ordinary bags as control, each bag weighed 
21- 25 kg.  Oxygen was monitored every month, and quality was judged by the number of 
insects as well as by sensory evaluation (visual inspection and smell). 
 

 
(a) 

 
(b) 

(c)  (d) 

Figure 1:  Hermetic storage experiment  :   (a) for paddy at Dong-Thap;   (b) for paddy at An-Giang;   
(c) for bran at NLU .    

(d) Bran storage in ordinary bags was discolored after one month and invaded by mite insects 

 

Results  and discussion 

Paddy at An-Giang 
From an initial paddy MC of 13.6 % ± 0.3 % St.Deviation,  the MC in the Super bags 
decreased slightly down to 13.0 % after 10 months, while that of the control bags fluctuated 
according to the weather, that is, increased during the rainy months, and dropped again with 
the next dry season (Figure 2).  This explained why the germination rate in the hermetic bags 
was still over 80 % after 10 months, while that of the control bags dropped to the lower 
acceptable limit of 80 % after only 4 months, and henceforth to 0 % after 10 months.  The 
good effect of hermetic storage was again shown. 
The monitoring of oxygen level is shown in Table 1 and Figure 3.  The leakage due to the 
oxygen-sampling tube occurred again.  Looking at the SA3 bag with the good initial sealing, 
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the oxygen dropped down to 8.1 %  after about 5 months, but increased to 13. % after 12 
months, indicating that the silicone sealant aged with time.  The oxygen in other bags, 
although did not decreased appreciably, did indicate the effectiveness of the hermetic in 
preventing moist ambient from intruding.   
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Figure 2:   Moisture content  and  germination  at An Giang 

 
Table 1:  Variation of oxygen level at An-Giang experiment 

Coded: SA = Supperbags at An-Giang (numbered 1, 2, 3, 4, 5) 

Date Days Months SA1 SA2 SA3 SA4 SA5 Ave StDev Note
30-03-2006 0 0.00 Start
28-04-2006 29 0.97 19.6 20.3 18.7 20.1 20.2 19.8 0.7
06-06-2006 68 2.27 19.1 19.2 13.3 18.9 19.9 18.1 2.7 N#1
16-08-2006 139 4.63 14.8 8.1 18.8 19.9 15.4 5.3 N#2 &N#3
10-01-2007 286 9.53 14.8 11.4 20.2 20.5 16.7 4.4
09-02-2007 316 10.53 14.8 12.7 20.2 20.1 17.0 3.8 N#4
07-04-2007 373 12.43 15 13.6 19.6 16.1 3.1

N#1 Enhance sealing wth SA1, 2, 4, 5
N#2 Open SA1 for insect check & germination test
N#3 Measure SA4 & SA5 twice for confirmation
N#4 Open SA4 for insect check & germination test
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Figure 3:  Variation of oxygen level at An-Giang experiment 

 

Paddy at Dong-Thap 
The initial paddy moisture content was 14.4 %  ± St.Deviation 0.2  %. .  Moisture variation 
and germination showed some inconsistent trends at the 8th month (Figure 4).  Nevertheless, 
the final fact is that after 10 months, the germination in the Superbags was kept at about 80 % 
while that in the control bags dropped to almost zero. 
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Figure 4:   Moisture content  and  germination   at Dong-Thap 

The oxygen variation is interesting. After  4 months, all Super bags decreased to below 10 % 
(Figure 5).  But from that time point to the 9th months, most bags had in increase in oxygen of 
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about 2 %.  The explanation is the leakage of the oxygen-sampling tubes due to aging of the 
silicon sealant, in spite of careful preparation learnt from previous experience.   
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Figure 5:   Oxygen variation  at Dong-Thap 
Coded: SD = Supperbags at Dong-Thap (numbered 1, 2,… to 10) 

Paddy at Hue 
NLU had received a 5-ton hermetic storage cube.  However, in 2005 we could not identify a 
collaborator for experiment, while at Thua Thien -Hue Province, a Cooperative expressed the 
need to store paddy in that cube.  So the cube was transferred to Hue; NLU staff went to Hue 
to advise on the set-up and operation of the cube to staff of the Cooperative, and to staff of 
Hue University Faculty of  Engineering, who would monitor the experiment (Figure 6)  

  
Figure 6:    Five-ton hermetic cube at Hue 
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Rice bran at NLU 
The oxygen decrease (Figure 7) was sharp within 3 weeks, from 21 % down to 1.8 % in 
average.  After 3 weeks, mite insects were present in both hermetic and control bags, but 
insects in the Superbags looked much more inactive than in the control bags.  After 2 months, 
all insect in the hermetic bags died, without smell;  On the contrary, the control bags were 
“invaded” by insect, loaded with bad smell, and the color was darkened, in short, unfit for 
animal feed (Figure 1).  After 7 months, we opened one hermetic bag, and found it without 
living insects, no smell, and with good bright color.    The oxygen was below 2 %, except one 
bag rose to 15.8 % due to the sampling tube bitten by rats.  Summary:  with the present status 
of rice crops harvest after every 4- 5 months, and the bran can only be stored within 1 
months,  the hermetic storage offers a method for the feed industry to spread the use of bran 
over the entire crop season. 

Bran, NLU
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Figure 7:   Oxygen variation  of bran experiment at NLU (bags coded as A1, A2… A8) 

... 

... 

CONCLUDING REMARK 
The 6 activities as outlined in the Agreement are making good progress.   
... 
The hermetic storage for paddy is now well-documented and accepted technically for the 
collaborators who begin to think on the economics of the techniques, especially on the price 
of the Superbags.  
.... 
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2008 
Post Harvest Systems Development Progress Report 

From  July 2007  to  December 2008  
 

INTRODUCTION 
The Agreement between The International Rice Research Institute (IRRI), and Nong-Lam 
University Ho Chi Minh City (NLU), was first signed in September 2004 on a Project 
entitled “Rice  Post Harvest  Systems Development” and funded by the Irrigated Rice 
Research Consortium (IRRC), and implemented by NLU through its research unit, the Center 
for Agricultural Energy and Machinery (CAEM).  The Agreement was extended three times, 
in April 2005, September 2006, and July 2007; the latter was amended to be implemented 
until November 2008 instead of July 2008.  Thus, the Project activities were continued under 
IRRC Phase 3,  as follow: 

• ... 

• Completion of the hermetic storage research in collaboration with interested provincial 
collaborators; 

• ... 

• ... 

•  

• ... 
Given that the ADB-sponsored Project on Post-harvest (administered by the Ministry of 
Agriculture and Rural Development) began in 2006, with several contents similar to what we 
have been doing at NLU up to end of 2006, our activities from 2007 were narrower in scope, 
and concentrated more on the technical development of two major activities; other activities 
were just supplementary. 
This is the last Progress Report describing activities in the time span of one and a half year, 
up to 31 December 2008. 
... 

ACTIVITIES  2:    HERMETIC STORAGE 
Background 
Rice storage is important.  Current storage practices in ordinary bags by farmers result in 
rapid lowering of quality, even after as short as 3 months.   
IRRI did research and got positive results on sealed or hermetic storage.  The system relies on 
having the atmosphere within the grain modified through respiration by the grain, insects or 
fungi;  then the oxygen content in the hermetic bags is dramatically reduced, often to less 
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than 4%, and the carbon dioxide content increased to a level where aerobic respiration is no 
longer possible.   
In 2005, quite a number of experiments were replicated under Vietnamese conditions.  
Results confirmed  the advantage of hermetic storage.   The moisture in hermetic bags from 
the initial level of 12 % did not increase beyond 12.5 % after one year, while the germination 
rate was over 90 % after 10 months.  On the other hand, the MC of  paddy stored in the 
ordinary PP bags increased to 15 % after one year, and the germination dropped to zero after 
10 months.  The same trends was observed with peanut. 
In some of the above experiments, the oxygen never decreased to lower than 18 %, and the 
cause was detected as improper sealing of the oxygen-sampling tube.  Thus in 2006, 
experiments were repeated in 2 places to re-affirm the reason, with paddy in 3 different 
forms:  ♦hermetic bags with oxygen-sampling tubes, ♦hermetic bags sealed without oxygen-
sampling tubes, and ♦polypropylene (PP) bags ordinary bags as control.   While the 
germination of the control bags dropped below the acceptable limit of 80 % after only 4 
months, and henceforth to 0 % after 10 months, the germination rate in the hermetic bags was 
still over 80 % after 10 months, although leakage of the oxygen-sampling tubes due to aging 
of the silicon sealant increased the oxygen content from 6- 8% to about 10- 12% from the 4th 
to the 10th month.    
Thus more sites for extension and promotion of the hermetic bags are needed. 
Rice bran was also first tried with hermetic storage in 2006.  The oxygen decrease was sharp 
within 3 weeks, from 21 % down to 2%.  After 2 months, all insect in the hermetic bags died, 
without smell;  and quality was kept after 7 months with a good bright color.  On the 
contrary, the ordinary bags (control) were “invaded” by insect, loaded with bad smell, and the 
color was darkened, in short, unfit for animal feed; thus confirmed the normal practice of 
storing bran within one month only.   
Rice bran is about 9- 10% of paddy mass and contains oil, protein and carbohydrates which 
could be used as food additives or as animal feed.  Among alternatives of storing bran such as 
through drying or  pelleting after cooking, hermetic storage proved promising, thus needs 
further experiments and monitoring. 

Objectives 
1.  To distribute the remaining IRRI Superbags (about 120) for interested collaborators.  The 
monitoring will be less active, paying attention to the final period only. 
2.  To replicate the bran storage experiment at NLU with different grade of bran and more 
analysis on quality. 

Materials and methods 
The rice bran experiments were conducted at NLU Center for Agricultural Energy and 
Machinery from August 2007 to May 2008.  Bran for experiments was of normal grade on 
the market, as by-product of rice milling and used as animal feed. 
Two treatments were: 

• Storage in ordinary PP bags (control treatment, consisting of two 30-kg bags). 

• Storage in IRRI Superbags  (consisting of seven 30-kg bags, coded A1, A2, ... A7) 
The oxygen content in the bags was measured every month with the GP02-0583564 
instrument.   
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Samples at the beginning of storage and at the end (9 months) were measured for moisture 
content.  Also they were sent to the Center for Analysis and Experimentation in 
Ho Chi Minh City for measuring  the protein content, the fat content, and the peroxide index 
(which is an indicator of the oxydation status of the samples, a higher index corresponds to a 
lower quality).  Actually, the initial plan had been to analyze at two different service centers 
and at one-month intervals, but we suspected that one service center did not analyze 
accurately, and the analysis cost was high (about US$40 per sample), so only samples at the 
starting and final dates were analyzed for the above three criteria. 

Results  and discussion 

Moisture content  

 Table 2:  Bran moisture content 

Bran Treatment  Average, % ± Std.Dev,% 
All bags at start 17.34 7.58 
Superbag after 9 months 11.42 4.50 
Control PP bag after 9 months 12.60 0.10 

Data (Table 2) pointed that from the wet polishing process, the bran MC was not uniform, 
and this continued (though with less variation) in the hermetic bag, while the control bags in 
contact with ambient air uniformly came into near equilibrium with ambient air. 

Oxygen contents in SuperBags 

 (a)   (b)  
Figure 3:   Rice bran stored in Superbags (a),  and in ordinary PP bags (b) shown with lots of mites. 

Fig.4 shows the oxygen variation in the Superbags.  The oxygen contents decreased evenly in 
all bags in the first two months, but then showed inconsistent decrease afterwards .  We 
interpreted as due to some bad or aging seals, so all were reinforced with sealant, and oxygen 
content decreased again, to a stable level of 12- 14%. 

NLU / Hermetic storage   24 



Bran storage
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Figure 4:  Oxygen  variation in the Superbags    (A1, A2,..., A7 = coded bags) 

The low oxygen content in the Superbags inhibited the development of insect mites.  Just a 
few dead mites were found in the Superbags after 9 months, while the control bags were 
invaded with mites after one month, their movement was clearly visible (Fig.3). 
The bran moisture content, initially at 17.7%, was reduced throughout the 9-month storage to 
11.6% in the Superbags, and 12.6% in the Control bags, which might be considered as the 
range of bran MC equilibrium.  Thus the high bran initial MC, as by-product of milling of 
not-so-dried paddy, could proceed slowly without being affected by the insect mites, only in 
hermetic bags.  Otherwise, it could be stored for not more than month, as current practiced.  

Chemical analysis results 

Results are in Table 3, summarized from documents returned by the Analysis Center 
(Appendix 1). 
Table 3: Chemical analysis results 

Bran Treatment  Protein content, 
% 

Fat content,  
% 

Peroxide index, 
meq /kg 

All bags at start 14.93 19.73 0.73 
Superbag after 9 months 14.73 20.70 0.83 
Control PP bag after 9 months 20.14 16.15 0.91 
The following can be derived from Table 3: 

 In the Superbags, reduced respiration due to low oxygen contents kept the protein and fat 
contents almost unchanged.   

 On the contrary, in control PP bags, the fat content decreased by 3.6%, indicating a loss 
of free acid.  The increase in protein content was misleading, due to lots of insect mites in 
the samples.  Protein of the mites together with their parallel harmful substances could be 
hardly used for enhancing the bran feed value! 
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 The peroxide index increase in the Superbags were much less than that in the control 
bags, and was an overall indicator that storage in hermetic bag resulted in superior 
quality. 

Other supplementary results 

Two agencies were distributed with IRRI Superbags for their own experiment or trial 
utilization.  They were: a/ The Thot-Not Seed Station in Can-Tho Province (10 bags), and 
b/ The Oil Plant Institute (30 bags).  The bags were given free without conditions on the 
receivers, except half-page reports that they have been used for the purpose of storage, which 
follow: 
a/ The Thot-Not Seed Station:  The bags were for storing paddy with initial MC of 12.1%  
from 26 September 2007 to compare with their normal practice (control) of storing in double-
layer PE-in-PP bags.  After 6 months of storage, paddy in both treatments increased the MC 
to 12.6%; the germination rate in the Superbags and the control bags were 88.3% and 88.7% 
respectively, or practically no difference. Thus, one Station staff were confident that with 
input paddy well-dried to around 12%, paddy seed can be stored for 8 months with the 
germination higher than the required 85%, whether in very airtight Super bags or in fairly 
airtight bags like the double-layer PE-in-PP bags.  We had no further report from then. 
b/ The Oil Plant Institute :  They used the Superbags for storing peanut.  No data were 
reported. 
... 

CONCLUSIONS  AND RECOMMENDATIONS 
The 6 activities as outlined in the Agreement have made good results.   
The hermetic storage for rice bran proved its technical advantage, that is to allow for  9-
month storage; while in the normal practice, rice bran could not be stored for more than one 
month.  Although the bran price survey was in a time span with unprecedented variation in 
rice price, there was indication that bran price increases in-between the two consecutive 
harvest, and there is room for considering the benefit and cost of storing bran to stabilize the 
market of this commodity for animal feed. 
Further paddy storage in the Superbags by new collaborators, as well as trial by colleagues’ 
agencies such as the Cuu-Long Rice Research Institute, have made the hermetic storage well 
known and accepted technically.  Their concern now are on the economics of the technique, 
especially on the price of the Superbags.  For seed, well-dried paddy (about 12% or below) 
stored in double-layer PE-in-PP bags might be a cheaper alternative to the Superbags. 
... 
... 

NLU / Hermetic storage   26 



 

APPENDICES 
Appendix 1:   Rice bran chemical analysis 
 by the Center for Analysis and Experimentation in Ho Chi Minh City  

Before storage experiment 
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After 9 months of storage 

a) In the IRRI Superbags 
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b) In the ordinary PP  bags  (control) 
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