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Post Harvest Systems Development Progress Report 
From February 2005  to  31 March 2006 

INTRODUCTION 
The Agreement between The International Rice Research Institute (IRRI), and Nong-Lam 
University Ho Chi Minh City (NLU), was signed in September 2004 on a Project entitled 
“Rice  Post  Harvest  Systems Development”.  In April 2005, the continuation of the 
Project activities was renewed under IRRC Phase 2, with the same activities as follow: 
• Collection of market data; 
• Verification of hermetic sealed storage systems at laboratory and seed producers level;  
• Rice mill performance evaluation; 
• Evaluation of components of low-cost quality monitoring kits; 
• Adaptive rice hull furnace development; and 
• Provide technical backstopping to the ongoing IRRI-IRRC cooperation in Bac-Lieu. 
This is the second Progress Report describing activities in the one-year time span, up to 31 
March  2006. 

ACTIVITIES  1:   MARKET  SURVEY 
Objective 
Determination of the relationship between rice quality and rice price, and the price variation 
over time at different market places 

Time and place 
The study started in December 2004 and ended in March 2006.  Three market places were 
selected: HoChiMinh City, Long-An, and Can-Tho.   

Materials and method 
In each selected place, two rice retailed shops were selected. They were coded as follow: 

 HoChiMinh City  (coded   HCM-A1, and HCM-A2), 
 Long An Province  (coded   LA-B1,  and  LA-B2),  and  
 Can-Tho Province. (coded  CT-C1,   and  CT-C2). 

Rice samples are also taken  from the first interviews and sent to Cuu-Long Delta Rice 
Research Institute (CLRRI) for quality analysis. The first interviews and the every-sixth 
month interviews were face-to-face,  the in-between interviews were through telephone.   
Three varieties were monitored:  Huong-Lai, Tai-Nguyen, and IR50504.  Huong-Lai is most 
popular in Viet Nam as a high-class flagrant rice;  Tai-Nguyen is also a high-quality rice; 
while IR50504 (or “504” for short) is considered as rice for the poor for or noodle making.   
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Results  and discussion 

Quality analysis 
The quality analysis is summarized in Table 1.  It is clearly seen that IR-504 is of lower 
quality than the other two varieties, in terms of moisture content (MC), head rice percentage, 
and gel consistency; thus lower market price is evident. 

Table 1:    Physical and chemical properties of 3 rice varieties for market study 
  Ho Chi Minh City       
  Huong- Lai Tai- Nguyen IR- 504 

  A11 A21 A12 A22 A13 A23 

Grain MC (drying oven), % 11.50 12.35 13.50 13.75 14.35 14.05 
Grain MC (MC meter), % 11.93 13.37 14.36 14.37 14.77 15.03 
Grain length (mm) 6.86 7.03 5.87 6.08 6.38 6.41 
Grain width (mm) 2.05 20.70 2.16 2.11 2.09 2.13 
Impurities, % 0.00 0.00 0.00 0.00 0.00 0.10 
Head rice, % 48.50 49.70 46.50 46.60 41.20 46.00 
Amylose, % 24.18 19.77 26.80 25.94 25.06 26.80 
Gelatinization temp., oC 6 6 5 5 7 7 
Gel consistency, mm 67.6 68.3 44.3 47.6 39.3 39.6 
  Long-An Province       
  Huong- Lai Tai- Nguyen IR- 504 

  B11 B21 B12 B22 B13 B23 

Grain MC (drying oven), % 12.45 13.20 13.75 13.40 14.15 13.95 
Grain MC (MC meter), % 13.27 14.06 14.53 14.47 14.00 14.10 
Grain length (mm) 7.19 7.12 5.96 6.17 6.41 6.76 
Grain width (mm) 2.06 2.04 2.13 2.16 2.21 2.22 
Impurities, % 0.10 0.10 0.00 0.13 0.00 0.00 
Head rice, % 51.10 40.00 42.20 40.80 35.70 46.90 
Amylose, % 24.18 19.77 26.80 25.94 25.06 26.80 
Gelatinization temp., oC 6 6 5 5 7 7 
Gel consistency, mm 65.0 67.6 66.3 49.3 35.6 35.3 
  Can-Tho Province       
  Huong- Lai Tai- Nguyen IR- 504 

  C11 C21 C12 C22 C13 C23 

Grain MC (drying oven), % 11.80 13.35 13.60 13.90 14.80 14.35 
Grain MC (MC meter), % 12.60 14.20 14.67 15.00 14.70 14.76 
Grain length (mm) 7.04 7.73 5.84 5.85 6.65 6.63 
Grain width (mm) 2.04 2.04 2.19 2.19 2.05 2.00 
Impurities, % 0.13 0.00 0.13 0.00 0.10 0.20 
Head rice, % 50.40 40.10 42.20 44.50 48.60 39.00 
Amylose, % 24.18 19.77 26.80 25.94 25.06 26.80 
Gelatinization temp., oC 6 6 5 5 7 7 
Gel consistency, mm 66.6 64.5 59.6 39.3 49.6 34.3 

Some quality characteristics of the 3 varieties are picked up from Table 1 and shown in 
Figure 1. 
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Figure 1:    Quality characteristics of the 3 varieties under market survey 

The high-quality Huong-Lai variety is shown with a high gel consistency, low amylose 
content, slightly higher head rice, and lower moisture content.  These traits are contrasted 
with IR50504, a low-quality variety with low gel consistency, high amylose content, low 
head rice, and high moisture content.  It seems that the grain length does not matter, which is 
consistent with the normal Vietnamese habit of used to eating broken rice grain. These 
characteristics are reflected in the market prices of the 3 varieties. 

Price variation 
The variation in price is summarized in Figures 2 (a), (b), and (c).  These are shown with τhe 
same price scale in Figure 3 for comparison and with remarks.  . 
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(1b)
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Figure 2:  Rice price versus time with different varieties:  (a) Huong-Lai;  (b) Tai-Nguyen;  (c) IR50504  
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 (a) Huong-Lai;       (b) Tai-Nguyen;       (c) IR50504 
Figure 3:    Price of 3 milled rice varieties in 3 Provinces   from December 2004  to March 2006 

Remark: 
1. In general, in each Province, the rice price does not vary much over the time span of 16 months under study 
2. There are variations, of course, among varieties, due to different quality. 
3. For all 3 varieties, rice prices in HoChiMinh City were always higher by 400- 500 VND/kg for hi-quality rice, or by 200- 300 VND/kg 

for low-quality rice compared to Long-An or Can-Tho.  The reasons are apparent: HoChiMinh City is an industrial-and-service city 
consuming rice, while the two Provinces are rice-producing areas. 

4. There is little variation between 2 dealers of the same Province.  The exception was in Long-An from December 2004 to April 2005, 
wherein the retail dealer is also wholesale dealer.  However, from May 2005, this wholesale dealer stopped operation, we had to select 
another retail dealer, this reflected in higher rice prices since then.. 

5. For all 3 varieties, there were price increases in September - October 2005 due to sudden increase in fuel prices, which increased every 
thing: tillage and pumping cost, transportation costs of fertilizers, pestisides, and milled rice itself. 

6. For the Huong-Lai variety, there is great variation among 3 Provinces.  Dealers traced back to 2 reasons: a) Milled rice from paddy 
stored for some months fits the consumers’ taste due to better cooking quality, and thus commands higher price; in Long-An most are 
milled from freshly harvested paddy; and  b) The variety is actually mixed with other varieties, maybe better, maybe worse, thus yielding 
different prices. 

7. The IR504 rice is “rice of the poor” had lowest price variations which were within only 200- 400 VND /kg (not including fuel effect0. 
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Figure 4:    Rice market survey 
(A1 and A2) HoChiMinh City ;   (B1 and B2) Long-An ;   (C1 and C2) Can-Tho  
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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. 

 
Figure 5:     Hermetic storage set-up at NLU 

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

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) 
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Figure 6:  Oxygen variation in the IRRI SuperBags  at NLU 
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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. 

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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Germination - 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.   
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. 
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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/ 
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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 
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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  

 
Figure 17:     Hermetic storage set-up  at  Dinh-Thanh Seed Station,  AN-GIANG 
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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 
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. 
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ACTIVITIES  3:  RICE HUSK  FURNACE 
Background 
The rice husk furnace of 5kg-per-hour capacity, developed by the Hohenheim University in 
the 1990’s, was built and tested in 1996 at NLU as a Dipl.Ing thesis research of a German 
student.  These tests showed the advantage of the principle of inverted-draft combustion, with 
the automatic feeding of rice husk.  However, the furnace capacity is too small for practical 
applications in Viet Nam.  The popular flat-bed dryers are of 4-to-10-ton-per-batch capacity, 
using 25 to 60 kg/hr rice husk, though all are still fed manually, making the operation 
laborious and less than optimized in terms of combustion.  In another field, the brick making 
industry, which consumes about 50% of the rice husk in the Mekong Delta, are all using 
inclined furnaces, burning 100- 250 kg/hr; the intermittent manual feeding causes air 
pollution, easily seen by long columns of black smoke from the furnace chimneys.  Thus 
there is a need of improving the feeding mode of the rice husk furnace through automatic 
feeding mechanisms.  In 2004, the 5 kg/hr Hohenheim-type rice husk furnace was tested to 
draw the parameters for up-scaling; a 25 kg/hr rice husk furnace for the 4-ton dryer was 
fabricated.  Also, a 150 kg/hr rice husk furnace for brick kiln was designed.  This report 
continues with the furnace development and promotion work. 

Objective 
1) Testing of the fabricated 25 kg/hr rice husk furnace for further modification. 
2) Promotion of the 25 kg/hr rice husk furnace through installation of the 4-ton dryer. 
3) Fabrication and testing of the designed 150 kg/hr rice husk furnace  for the brick kiln. 

Results  and discussion 

1. The 25 kg/hr rice husk furnace 
The furnace construction was described in the 2004 report, the schematic of the furnace is 
shown in Fig.19. 

 
Figure 19:   Schematic of the 25 kg/hr rice husk furnace. 
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After numerous testing and modifications in 2004 and early 2005, this furnace finally went 
through 2 wrap-up testing:  the first test at NLU for 1 hour, and the second test at Tay-Ninh 
Province for 60 hours of a full drying batch of peanut. 

TEST at NLU (First test): 
An axial-flow fan was calibrated for airflow versus static pressure, in order to calculate the 
drying-air efficiency  (Fig.20).  During the test, the resistance of the test duct was adjusted to 
15 mm H2O, corresponding to an airflow of 3.11 m3/s.  The Run /Stop timing for the piston 
was 20 /20 seconds.  The drying air temperature was 46.6 oC ± 1.2 oC Std.Deviation, or an 
average increase of 16.6 kelvin over the ambient temperature (Fig.21).  Rice husk 
consumption was 26 kg/hr, and the calculated drying air efficiency was 65.1 % (Appendix 1). 
The husk feeding and ash removal was done after every 30 minutes thus making the furnace 
operation very comfortable, compared to 5 minutes in current rice husk furnaces used in 
Vietnam. 
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Figure 20:   Fan curves, used  

in calculating drying efficiency 
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Figure 21:  Temperature profile (at NLU,  first test) 
 

 
TEST at Tay-Ninh Province (Second test, Fig.21): 

 
Figure 22:   The automatic rice husk furnace in operation of drying peanut at Tay-Ninh. 

The test lasted 59 hours for the whole drying batch of peanut (Fig.22), since no paddy was 
ready at that time.  During this period, the Run/Stop timing of the piston was adjusted 4 times 
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in the range (5- 10)seconds/ (90- 100)seconds  to fit with varying ambient temperature 
(Appendix 3).  The system air resistance was 33- 35 mm H2O, corresponding to an airflow of 
2.70 m3/s.  As shown in Fig.23, the drying temperature was stable, averaging 42.5 oC ± 0.9 oC 
Std.Deviation, while the ambient temperature fluctuated more widely (29.5 oC ± 3.6 oC).  The 
trend can be clearly seen also from Fig.23, with the temperature increase (difference between 
drying air and ambient temperature, 13.0 oC ± 3.5 oC) always in opposite direction of the 
change in ambient temperature.   
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Figure 23:  Temperature profile   (at Tay-Ninh, second test) 

2. Promotion of the 25 kg/hr rice husk furnace 
After the 59-hr test at Tay-Ninh, we judged that the furnace had attained enough reliability 
for promoting in the production sector.  Promotion here means merging the furnace with a 
dryer contract to some private farmers or institutions, but still monitoring its operation under 
actual production condition.  Usually, after 1 or 2 drying seasons with 2 or 3 such furnaces, 
the equipment would be ready for technology transfer at massive scale.  This is the normal 
and cautious way of drying extension at NLU for the past 25 years. 
Thus, based on a drying contract of 3 SRA-4 dryers (reversible type, 4 tons/batch) with 
farmers in Cat-Tien District, Lam-Dong Province (in the Highlands), we decide to equip one 
of these dryer with the RHF-25 automatic furnace.  The installation is underway in March 
2006 (Fig.24), and it is expected that this dryer will operate in the next drying wet-season of 
June- August 2006, from which more long-term monitoring could be carried out.  
Similar negociations with farmers in Dong-Thap and Long-An Provinces are underway; and 
we expect that by the end of 2006, the RHF-25 automatic furnace would be a full-fledged 
item in the drying market of Vietnam. 
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Figure 24:  The automatic rice husk furnace RHF-25 under installation at Lam-Dong 

3. The 150 kg/hr rice husk furnace 
The 150 kg/hr was designed for matching with a brick kiln in Dong-Thap Province;  the 
fabrication was completed in February 2006 (Fig.26).  However, due to more priority to the 
25 kg/hr rice husk furnace, and to lack of experience in matching this type of furnace with 
current brick kiln, not much testing and results were obtained; the work had to be delayed up 
to end of 2006.  Afterwards, the furnace will be transported to Dong-Thap Province for 
testing in cooperation with a brick kiln owner there. 

 
Figure 26:  The 150 kg/hr rice husk furnace 
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ACTIVITIES  4:   MOISTURE  METER  
      / QUALITY MONITORING  KITS  
Background 
Moisture control is important in drying and storage.  The simplest and quick way of 
measuring grain moisture requires using a commercial capacitance or resistance-type meter, 
which usually cost US$250- 400.  To be affordable to small farmers and millers, the moisture 
meter should be much lower in cost.  Thus, IRRI has designed, tested, and initially promoted 
a low-cost moisture meter (US$ 30 in the Philippines); one unit has been sent to NLU for 
application.   In 2004, this unit was tested against a popular “Korean” moisture meter and 
compared with the standard drying oven.  Results was that in the lower MC range (10- 12%), 
the pointer-indicator of that IRRI meter was not sensitive in the 2% increase.  On the other 
hand, in the high-moisture range ---which is not in the designed range of this meter---  the 
pointer should preferably be outside the orange-color band; otherwise it might give the false 
impression that the moisture may be 18- 20%..  The continued work is reported as follows. 

Objective 
- To conduct more test with the low-cost IRRI grain moisture meter and compare with 

other methods of moisture determination.   
- To fabricate a similar unit in Viet Nam with modifications if possible for improving 

the original unit. 

Materials and Method 
A home-made moisture meter by Mr. Le-Van-Ban (LVB), a staff at NLU Faculty of 
Engineering was ordered for comparison with other meters against the standard oven drying 
method.  This meter (Fig.27) used a series of LED indicators; with the expectation that these 
should give easier reading, and more vibration-and-shock resistance than the mechanical 
pointer. 
Three devices for 
measurement were 3 
treatments, namely, the IRRI 
moisture meter, the 
“Korean” GMK-303RS 
moisture meter, and the 
LVB’s meter 
From each thoroughly mixed 
lot of 3 lots of paddy, 3 
samples were taken for 
measuring moisture content.  
The samples for oven drying  
followed standard methods.  
The Jasmine rice variety was 
used in the test.  

Figure 27:   The LVB moisture meter,  
with LED indicator 
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Results  and discussion 
   Table 2:   Test comparison of 3 moisture meters against the standard oven drying method 

Replication IRRI-MM GMK-303RS LVB-MM Drying oven 

1 Wet Left 20.1 19 25.8 

2  Good Left 20.1 19  

3  Wet Middle 22.1 19  

Average  20.77 19.00 25.80 

1  14.0 14 13.83 

2  Good Right 14.6 15  

3  Good Left 14.0 15  

Average  14.20 14.67 13.83 

1 Wet Right 19.3 19 22.73 

2 Wet Right 19.1 19  

3 Wet Right 20.2 19  

Average  19.53 19.00 22.73 

1 Wet Left 20 19 20.84 

2 Wet Left 20.1 19 20.88 

3 Wet Left 20 19 20.91 

Average  20.03 19.00 20.88 

1  Good Right 10.08 14 11.62 

2  Good Right Display Error No display 3.82 

3  Very dryLeft Display Error No display  
 

Note:  The IRRI meter has no read-out, but 
only three ranges: Very dry, Good, and 
Wet ,    as shown ⇒ . 

  Left / Right means the position of the 
indicator-pointer compared to the 
middle position of the range. 

From Table 2, the following were drawn: 
- The LVB-MM is fairly correct if the MC is around 14 %wb.  However, in the high range 

between 20 and 25 %MC, it all indicates as 19 %. 
- The IRRI-MM is also accurate around 13- 15 % MC range.  However, it becomes erratic 

either in the wet 20- 25 % or dry around 10 %.  In fact, it had not been designed to 
measure these too high or too low ranges. 

- The stability of the meter reading against the temperature change should be considered 
and studied more in depth. 
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ACTIVITIES  5:   RICE MILL EVALUATION  
Background 
Rice milling in Viet Nam has progressed in serving local consumption and export.  This is 
rooted in the local manufacture of milling equipment, way back from the wood-based 
tradition mills to the modern rice mills.  It is necessary to quantify the performance of some 
of these rice mills to get an idea for comparison with rice mills in South East Asian countries.  
In 2004 the first mill for evaluation was at Long-An Province.   With “66” variety, the 
average capacity was 3,9 ton/hr;  head rice recovery was 51% based on input paddy; and 
power consumption was 31.1 kWh/ ton paddy. 

Objective 
  To evaluate some different rice mills, typical of the Mekong Delta of Viet Nam. 
  To survey on the status of rice milling operation in the Mekong Delta of Viet Nam. 

Results  and discussion 
Although the set objectives had been clear, some initial surveys by the Rapid Appraisal 
method revealed some surprising facts, which upset most of our thinking on rice milling 
industry in Southern Viet Nam.  Within the last 5 years, drastic changes have been happening 
here, the main features are outlined as follow: 
- The State rice enterprises are loosing their role, now confining to the last operation of 

transactions for final rice export.  The private sector is taking over the rice processing.   
- The milling scale grows up very fast.  In 2001, three Danida-assisted modern rice mills 

each with 8 ton-capacity were considered as special events.  Now there are presumably 
300 units of similar capacity (6- 8 ton/hr or 100 ton/day), about 1/2 of which deal from 
paddy, the other half from brown rice gathered from small mills.  The 12-ton/hr unit is 
expected to operate in early 2007.  This trend is usual worldwide; Thailand for example 
has the average milling capacity of 25 ton/hr. 

- Thus the mini-mills in the order of 0.5- 1 ton/hr is dying out.  Some doubts may be cast 
on the idea of helping these mills as a way of helping poor farmers. 

- A supplementary fact is on rice husk.  Just 3- 4 years ago, rice husk was used fully (90 %) 
for brick kiln, small-scale food processing or cooking in the villages…  This was possible 
due to the “even” distribution of scattered small mills.  But in 2005 and 2006, things 
changed.  Due to concentration milling in bigger mills, rice husk became an 
environmental nuisance; one Provincial Agency issued the penalty measures for millers 
who dumped husk to the river.  Many millers, who used to earn US$1000 from selling 
rice husk, now not only give it free, but also offer some diesel fuel for the boat which 
carries the husk away. 

 
Thus from the above overall picture (though not systematically gathered data), we feel that 
one or two more tests on small rice mills would not contribute anything significant.  On the 
other hand a full survey of the rice mill industry is beyond the scope and financial capability 
of the present work. 
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ACTIVITIES  6:    
BACKSTOPPING TO BAC-LIEU SEED CENTER  
Background 
Several field trips were made to Bac-Lieu Seed Center with the purpose of backstopping this 
agency on the laser leveling.  In 2004 the Seed Center was furnished by IRRI with a set of 
laser transmitter-receiver, they built a leveling bucket.  However, due to some incompatible 
set-up in the different tractor hydraulic systems, the equipment did not work.   
Thus, NLU begins to be involved with laser leveling in order to participate in solving the 
above problem.  At the end of 2004, NLU was provided by IRRI another laser transmitter-
receiver, we are also building another bucket for mounting behind our 110-HP MTZ-892 
tractor.  In February 2005, two NLU staff went for one-week training at IRRI; coming back 
to Viet Nam, they assembled the laser equipment with the fabricated bucket.  With the 
backstopping and training of Dr. J. Rickman during his trip to Viet Nam in March 2005, the 
whole equipment has operated smoothly.  We learnt and mastered the technique of laser 
leveling, ready for transferring the technology to  Bac-Lieu Seed Center.   

Objectives 
- To training the people at Bac-Lieu Seed Center for the operation of the laser leveling. 
- To re-build the current drag bucket at Bac-Lieu Seed Center to fit the tractor size in 

the area. 

Results  and  discussion 

1)   10 ha of rice fields  leveled 
Bac-Lieu Seed Center decided to level 10 ha of their rice field in May2005, and requesting 
the backstopping of NLU.  They use the Provincial budget for hiring the tractor and paying 
for the fuel.  The depreciation of the laser leveler was supported as it is part of the research 
with IRRI, although it was still used in the cost calculation.  The leveling was also merged 
with hands-on training for operators of the Center. 
Results were good.  For example, a 2.7-ha  plot with initial surface differential of 220 mm, 
was decreased to only 26 mm (equal to ± 13mm).  The operation took 53 hours, excluding 3 
hours of plowing for easy dragging.  The cost and leveling depends on the topography, on the 
initial differential... is roughly estimated to be between 5 to 9 million VND per hectare (of 
which 45% and 45% are equally for depreciation and diesel fuel).   
Bac-Lieu Seed Center started research on the effect of leveling on rice growth and yield on 
the leveled fields for 2 crop seasons.  Preliminary results are encouraging, with the obvious 
reduction of irrigated water. 

2)   Leveler for 50 / 80 HP tractor in Bac-Lieu 
Although more data need to be gathered, still we can feel the advantages of laser leveling as 
introduced by IRRI.  The Bac Lieu Department of Agriculture and Rural Development plans 
to expand the application of this new technology to some fields of Seed Multiplication 
Farmer’s Club in the year of 2005 and 2006. 
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Thus, the bucket-leveler was re-designed at NLU for Bac-Lieu Seed Center to fit with the 
currently popular 50-HP tractor in the Mekong Delta.  The present size from IRRI drawings 
is for 100-plus tractors. 
The above bucket leveler was fabricated and transferred to Bac-Lieu Seed Center.  Training 
on the laser-leveling operation was conducted. 
Beyond expectation, spreading of information has been to Provinces as well to Central 
Ministry of Agriculture.  On 17 March 2006 Bac-Lieu Department of Agriculture organized a 
field demonstration and Seminar for farmers in the Province and for agricultural officials in 5 
other Provinces; total participants amounted to about 100. 

3)   Requests from other Provinces 
After the above demo, we were approached by officials from An-Giang and Can-Tho 
Provinces to organize similar demos in their Provinces.  The Central Department of Plant 
Protection (of the Ministry of Agriculture and Rural Development) expressed the interest for 
the laser technology due to their concern of the reduction of pesticides and irrigated water in 
their campaign “3 Reductions & 3 Gains”.  The plan is for the next field demo in An-Giang 
Province in April-May 2006. 
 
 

PLAN FOR 2006 
Given the informal news that the ADB-sponsored Project on Post-harvest (and administered 
by the Ministry of Agriculture and Rural Development)  would begin in 2006, with several 
contents similar to what we are doing at NLU, the plan for 2006 would be narrower in scope, 
and concentrate more on technical development of one or two activities; other activities 
would be just supplementary. 

Market  survey 
Continue only with rice bran, with more limited scope (2 places) . 

Hermetic storage 
- To  repeat (at simpler set-up) at 2 existing collaborators on paddy at An-Giang and 

Dong-Thap 
- To start with bran storage at NLU. 

Rice husk  furnace  (The No.1 focus) 
- To test and monitor the installed 25 kg/h rice husk furnace at Cat-Tien/ other places; 

follow-up with durability. 
- To complete the test of the 150 kg/hr and install at a brick kiln in Dong-Thap 

Province 
- To install one 50 kg/hr furnace for the 8-ton flat-bed dryer. 

Quality monitoring kits 
- To built a low-cost moisture meter   with LED indicators, by another different 

collaborator. 
- To calibrate the built meter  with other standard methods. 
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(a)  Introduction of the laser leveler to Extensionists  and farmers 

 
(b)  Field operation of the laser leveler  

 
(c)  Seminar on the benefits and constraints by the laser leveler 

 
Figure 28:    Laser leveler in operation at Bac-Lieu Seed Center 
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Rice mill evaluation 
Dropped out, unless emerged from further discussion. 
Possible topics include: 

- To test the effectiveness of the PLC- controlled rice equipment built in Vietnam on 
rice quality. 

- To modify a typical small rice husker with a PLC control for demonstration on 
improving quality. 

- To make a more detail survey at 2 or 3 Provinces 

Laser leveling  (The No.1 focus) 
- To continue backstopping Bac-Lieu Seed Center in their operation of the re-installed 

leveler. 
- To continue, in collaboration with Bac-Lieu Seed Center, research on the effect of 

leveling on agronomic conditions and practices. 
- To pilot test and demonstrate on 10 ha of  An-Giang Province. 
- To built the small bucket for 20 HP tractor, and test  (The 20 HP tractor is 

increasingly important in the rice agriculture of the Mekong Delta). 
- To work with the program “ 3 reductions & 3 gains” of the Ministry of Agriculture to 

introduce the laser leveling equipment and technique. 
 

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 collaborators who 
begin to think on the economics of the techniques, especially on the price of the Superbags.  
The automatic rice husk furnace is at the beginning of commercialization stage. 
The laser leveling makes concrete results, especially in the extension activities. 
Other activities are rated as satisfactory.  The rice mill evaluation, although not in line with 
the plan, pointed to a major change in the Vietnamese rice industry. 
With one more year for implementation, it is expected than more concrete results can be re-
inforced in the production sector, and may be complementary to the ADB Project. 
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APPENDICES 
 
 

Appendix 1: Physical and chemical analysis of the input paddy samples 
for the hermetic storage 

 

Parameters Samples: A-00, B-00, C-00, D-00 Average St.Dev  

Brown rice % 81.5 81.4 81.7 81.53 0.15 

Head rice % 46.8 46.4 47.7 46.97 0.67 

Grain breakage % 17.2 15.4 17.5 16.70 1.14 

Whiteness Rosy White         

Chalkiness % 16 14 9 13.00 3.61 

Polished  % 70    70.00   

Milling degree 4, white         

Moisture content %(drying oven 11.3 11.3 11.3 11.30 0.00 

Moisture content %(MC meter) 11.5 11.5 11.5 11.50 0.00 

Gelatinasation temperature, 0C 7 7 7 7.00 0.00 

Amylose content ,% 26.8 26.8 26.8 26.80 0.00 

Gel consistency (mm) 36 37 36 36.33 0.58 
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Appendix 2.:   Furnace test  at NLU:  
    Calculation of DRYING AIR EFFICIENCY  

 
a/ Heat input:       

 Qin   =  Mrh * Hvrh =   82 kW 
 where:       
 Mrh = Rice husk consumed = 0.007222 (kg/s)    = 26 kg/h 
 Hvrh = Heat value of rice husk =   11 350 kJ/kg 
     
b/ Heat output:       

 Qout   =   Mair * Cpair*(Tair - Tamb) =  53.4 kW 
 where:       
 Mair = mass flow rate of heated air    
          =  Vair / Vspec   = 3.2 kg/s 
    Vair = volume flow   = 3.11 m3/s 
    Vspec = specific volume = 0.97 m3/kg 
 (psych.chart: 28-33 oC, 80%H heated to 55 – 70 oC)   
  Cpair = specific heat of air =  1.006 kJ/kg K 
  Tair = ave.heated air temperature = 46.6 oC 
  Tamb = ambient air temperature =  30.0 oC 
        

 .=> Drying air efficiency  =  Qout / Qin *100 = 65.1  % 
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Appendix 3 :   Furnace test  at Tay-Ninh:  
    Data & Calculation of DRYING AIR EFFICIENCY  
25 kg/hr Rice husk furnace test  with peanut dryer SRA-2 
Place:  Dong-Khoi Experiment Station, Trang-Bang District, Tay-Ninh Province 
Date:   5 - 7  October 2005     
Persons participating:  Chinh, Duy, Nghi    
Batch No: 2      
Dryer:  SRA-2  Static pressure : 33 - 35 mmH2O  

Time 
of 

day 
Drying 
time, hr 

Drying 
Air 
oC 

Exit 
Air 
oC 

AmbientAir
oC 

Temperature 
Increase, oC Note 

11h 1 42 26 30 12 Set 5-95 
12h 2 43 30 32 11 (5s run - 95s stop) 
13h 3 43 30 33 10   
14h 4 44 29.5 34 10   
15h 5 42 29.5 34 8   
16h 6 42 29.5 32 10   
17h 7 42 29 30 12   
18h 8 40 29 30 10   
19h 9 43 30.5 28.5 14.5 Reset 8-90 
20h 10 43 32 28 15   
21h 11 42 30 26.5 15.5   
22h 12 42 30.5 26.5 15.5 Reset 10-90 
23h 13 43 32 26 17   
24h 14 43 32 26 17   
1h 15 42 38 26 16   
2h 16 40 37 26 14   
3h 17 40 36 26 14   
4h 18 41 36 26.5 14.5   
5h 19 41 36 26.5 14.5   
6h 20 40 36 27 13 Reset 7-90 
7h 21 42 38 29 13   
8h 22 43 39 33 10   
9h 23 43 40 33 10   

10h 24 43 40 32 11 1 day&night 
11h 25 43 39 34 9   
12h 26 43 39.5 34 9   
13h 27 43 40 34 9   
14h 28 43 39 35.5 7.5   
15h 29 43 40 36 7   
16h 30 43 41 35 8   
17h 31 43 40 33 10   
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Time 

of 
day 

Drying 
time, hr 

Drying 
Air 
oC 

Exit 
Air 
oC 

AmbientAir
oC 

Temperature 
Increase, oC Note 

18h 32 43 39.5 29 14   
19h 33 43 40 29 14   
20h 34 43.5 40 28 15.5   
21h 35 43 39.5 25.5 17.5   
22h 36 42 40 25.5 16.5   
23h 37 42 39 25 17   
24h 38 43 40 25.5 17.5   
1h 39 43 40.5 25 18   
2h 40 42 39.5 25 17   
3h 41 43 39 25 18   
4h 42 42 39.5 25 17   
5h 43 43 40 25 18   
6h 44 43 40 26.5 16.5   
7h 45 43 40.5 29 14   
8h 46 42 40.5 30 12   
9h 47 43 42 33.5 9.5   

10h 48 43 41 33 10 2 days& 2 nights 
11h 49 43 40 36 7   
12h 50         Engine trouble 
13h 51 40 37 32 8   
14h 52 42 39.5 32 10   
15h 53 42 41 34 8   
16h 54 43 40 34 9   
17h 55 43 41 32 11 Reset 7-99 
18h 56 43 42 28.5 14.5   
19h 57         Engine trouble 
20h 58         20h 30 resume 
21h 59 43 42 27 16 Reset 7-90 
22h 60 43 42 27 16   
23h 61 43 42 26 17   
24h 62 43 40 25 18   
1h 63 43 42 26.5 16.5 2 days& 3 nights 
  Average 42.5 37.4 29.5 13.0   
  Std.Dev: 0.9 4.4 3.6 3.5   
              

  SUMMARY   Furnace     
Rice husk 
Automatic 

   Drying time, hr   59 
   Input peanut kg   1990 
   Output peanut kg   900 
   Final MC, % :   7.7 
   Rice husk consumed (32 bags), kg 761 

   Drying temp., oC   40 - 43 
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 DRYING AIR EFFICIENCY  (Furnace test  at Tay-Ninh) 
a/ Heat input:      
Qin = Mrh * Hvrh 
=    41 kW 
where:       

Mrh = Rice husk consumed = 0.003611  kg/s   = 13 kg/h 
Hvrh = Heat value of rice husk =   11350 kJ/kg 
       
b/ Heat out:      
Qout = Mair * Cpair*(Tair - Tamb) =  36.6 kW 
where:       

 Mair = mass flow rate of heat air   
           = Vair / Vspec =   2.8 kg/s 
     Vair = volume flow      = 2.70 m^3/s 
     Vspec = specific volume = 0.97 m^3/kg 
(psych.chart: 28-33 oC, 80%H heated to 45 - 70oC)   
 Cpair = specific heat of air             = 1.006 kJ/kg K 
 Tair = ave.heated air temperature = 42.5 oC 
 Tamb = ambient air temperature    =  29.5 oC 
       
.=> Drying air efficiency = Qout/Qin*100     =  89.3 % 

 
 


