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Abstract: Controlled atmosphere (CA) technology is widely used in China in 
various forms for the preservation of stored grain. The airtight enclosures 
required for the process are made in several ways: by covering the grain 
surface with polyethylene sheet which is then fixed to the walls previously 
treated with asphalt, by completely enclOSing the grain bulk in PVC sheet or, 
for small quantities, by sealing the grain in polyethylene/polyester laminated 
film (skinpacking). Carbon dioxide and simple hermetic storage processes are 
commonly used to provide the controlled atmosphere. A mobile unit for 
producing suitable atmospheres has been developed. This unit, containing 
cultures of microorganisms, is connected to the sealed system and reduces the 
oxygen content through the respiration of the microorganisms. Nitrogen 
production using exothermic inert-atmosphere generators and molecular sieve 
air separation systems are under investigation. 

Rates of oxygen reduction under hermetic conditions and the influence of 
controlled atmospheres on grain quality and mould growth have been 
investigated. CO at 80% inhabits the growth of moulds and yeasts and can2 preserve quality of stored rice for six months through the summer. It is 
preferable to combine CA treatment with reduction of temperature below 200 C 
to obtain the best storage conditions. 

1. INTRODUCTION 

Controlled atmosphere (CA) techniques have been adopted as the 

main methods for grain storage in large stores in China. CA systems 

are particularly acceptable as they either minimise the quantity of 

fumigant used or eliminate its use completely. 

Two main problems must be overcome during the deve lopment of 

CA technology: how to create airtight enclosures and how to create 

suitable atmospheres. It is also necessary to determine the effect 

of CA storage on the quality of the various commodities and the 

optimum concentration of the various gases involved, both against 

pests and to preserve quality and for safety reasons. These problems 

have been studied in various regions in China. Some of the results 

of these studies are described in this paper. 

Generally, it has been found that CA technology is convenient 

and cheap and that it may be applied effectively to the stor&ge pf 
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man y kinds o f gra in . I t may also be used during transporta t i on 

of g r ain, i t s sale to the c o nsume r and eve n f or the storage of 

me d ic inal ma teria l s a n d various nat i ve products. It can also be 

used as an emerg ency storage fo r g r a in o f e xc e ssive moisture content 

which c annot be dr ied at o nce. 

2. DEVELOPMENT OF CA TECHNOLOGY 

2.1 Sealing o f g r ain storages f or CA use 

2.1.1 S eaZ i ng of th e gpain Bupf aoe wi t h poZyethy Lene s hee t (' one 

Bi de seaLi ng ' ) . Th i s method is suitable f or the sealing of stores 

in which the grain is loa ded in bulk. The walls and floor of the 

storage are rendered airtj~ht by painting with asphalt. Polyethylene 

f ilm is s pread over the surface of t h e grain pile and sealed with 

wax into a trench in the top of the wall of the store (Fig. 1). 

Th metho d has been wi dely used for the storage of bulk grain and 

i s a l ways u s e d in lar ge stores. 

Fig . 1. Grain covered with PVC sheeting in a large store ('one-side 
s ea ling ' ) 
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2.1 .2 Comp Lete 8ea~ing in PVC ( ' six- side s ea Zing '). In this method 

t he g r a i n bulk is co mpletely e nc l o sed in PVC me mhrane. The enclosure 

i s ma de i n the following s t e ps: 

(i) The cove r i s ma de of O. 23mm thickness PVC film. The cover 

s h ould b e 4 0 cm large r t han t he st a ck. 

( i i) Any leaks i n t h e cove r are patched or mended using an 

a dh es i ve ma d e of dich l or oe thane and pe r chloroe t hane (4:1). 

(i i i) St raw bags a re p l ace d as dunnage at the bottom of the 

stack (a bove the PVC ground s h e e t) and i ther s t raw or jute bags are 

laid on the surface o f t h e s tack. 

( iv) The e n c losur e is made a round the stack using a portable 

h i gh freq uency we ld i ng machi ne to s e a l the cover and g r oundsheet 

t oge ther. 

The meth od is primarily used for storing various types of g rain 

i n ci t i e s ( F i g . 2 ) . 

F g . 2 . Encl o sing bag s tack s of grain in PVC film ('six-side 
see. l i ne ')· 

2. 1.3 Skin-paoki ng . Pa cks of 2 -20kg capacity are made for rice 

and oth e r grains with po l yethyl e n e or polyethylene/polyes ter film 

us ing e ither natur a l reduction of oxy g e n, vacuum or the carbon 

d ioxid e e xchange method (Fig . 3 ). Whe n C0 2 i s used with rice the 

pack b e co me s rig id in 3 hour s . The me thod is now used for storing 

v a rious products (e. £ . pe a nuts, " g reen grain", r d b e ans, sesame 

s e ed ) in cit i es for d irec t s upply to consumers. The stored materials 

can be kep t in t his wa y f o r a year. 
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2.2 Methods of eenerating and maintaining controlled atmospheres 

2.2.1 Natu~a~ ~eduction of oxygen in an ai~tightsto~age. The grain 

grain bulk is enclosed in a plastic membrane. The grain respiration 

in the enclosure creates an oxygen-free environment, thus preserving 

the grain. The rate of reduction of oxygen is much slower for aged 

grain than for fresh grain. The moisture content of paddy or 

polished rice stored in this way should be 14.6 - 16%. 

2.2.2 Using C02 o~ N2 f~om gas cy ~inders. C02 or N2 are supplied in 

steel gas cylinders. The gases are introduced at the base of the 

grain bulk, displacing the air in the bulk. The gas concentrations 

are maintained at 40-85% for C02 and 98-99% for N2. This system 

provides excellent control of the activities of insects and preserves 

the grain in good condition for much longer than with storage in 

normal air atmospheres. 

2.2.3 Methods of nitrogen generation for CA use. 

(i) Combustion of hydrocarbons. Gas may be generated from 

combustion of hydrocarbons giving a 98.S% N2, 1.5% 02 mixture. 

Generators of this type are now used for ~ storage. 

(ii) Molecular sieve absorption. The system is based on the 

seperation of oxygen and nitrogen from air using multiple layers of 

Type 4A or SA molecular sieve and calecite (sic) or natrolite. 

Seperation is achi~ved utilising the difference in diffusion rate 

of oxygen and nitrogen within the extremely small pores of the 

materials. The system (Fig. 4) gives 9S-98% N2 and can give a low 

oxygen atmosphere in 4-S hours, with recirculation of the atmosphere 

through the machine. 

2.2.4 Uti~isation of micY'oorganisms to remove oxygen. A 'culture 

box', containing microorganisms and culture m~dium, is connected to 

the grain bulk in an airtight ~nclosure (Fig. 5)~ The respiration 

of the microorganisms reduces the oxygen content of the bulk to a 

level which controls the growth of pest insects. 

For use with large bulk storage bins, the culture box is 

installed in a mobile apparatus (Fig. 6). 

3. RESEARCH STUDIES ON CA STORAGE OF GRAIN 

3.1 Rate of natural reduction of oxygen. 

In a grain bulk kept under airtight conditions, the oxygen con

tent gradually decreases while the C02 content rises to a certain 

limit. The rate of change and the range of variation of the C02 and 

02 concentration is determined by grain type and the temperature 



Fig. 3. Skin-packing of (a) . rice under hermetic storage, (b) ..,heat flour in vacuum and 
( c ) rice under C0 2. 
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Fig. 4. A molecular sieve machine fo r separation of oxygen and 
n itrogen from air. 

Culture 

Grain 
bulk 

Cu lture 
box 

Box 

Fig . 5 . Connection of a 'cul ture bux' , contai~ing microorga nisms, 
t o grain bulks i n air t igh e nclosures f or a stack (lef t ) or a 
plastic - cover e d g r a 'n b u lk (righ ). 

and mo isture c ontent of the bulk. The r ate of r educt ion of oxygen 

c on ten t is greater at greater mois ture conten t s (F igs . 7 and 8). 

3.2 Studies on the growth o f microorgani sms . 

C02 can control the g rowth of moulds. The g r owth of both 

a naer-ob ic and aerobic microor ganisms is s u bs tan t ia lly inh i b ited i f 

the C02 con tent exceeds 80% (Table 1) . 

Unde r 80 ~ C02 rice is ~n a dorma n t state and all species of 

insect are ki l led. Thus, in summer, grain bu lks may be kep t w'thout 

mould i ng and heating a nd free o f insects. If the grain mois ture 
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Fig. 6. A mobile apparatus, incorporating a 'culture box', for CA 
storage of grain in large bulk bins. 
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Fig. 7. Variation in the rate of change of oxygen content with 
moisture content for non-glutinous long grain rice under hermetic 
storage conditions. 

content is >16% or there is condensation at the grain surface, 

moulding may occur under natural reduction of oxygen (hermetic 

storage) . This may cause the plastic film enclosures or bags to 

swell up. The moulds found under these conditions are always 

either A speT'gi Z. Z.UB spp. or RizopUB spp. Thus, to ensure that rice 

may be stored safely in summer, it is recommended that the moisture 

content be kept below 16%. If the moisture content 'exceeded 16%, 



22 

20 
----------1~Z%-------------~-------

15 

5 

°o:-----~~----~--~--~------~-------L----~
30 40 50 60 

Time (days) 

Fig. 8. Variation in rate of change of oxygen content with moisture 
content for wheat under hermetic storage conditions. 

TABLE 1. 

Areas of various colonies (cm2 ) grown from a single spore under 
various CO2 levels. 

Species % CO2 

90 80 60 40 20 0 


Aspe T'gi ttus 
candiduB 0 0 0 1.0 1.2 3.2 

A • fLavuB 0 0 0 2.6 2.4 7.8 

A • nigeT' 0 0 1.4 / 1.0 5.4 

A • veT'Bic o L"T' 0 0 0 0.16 0.16 1.44 

PeniciLLium Bp. 0 0 0 0 0.16 7.7 

SacchaT'OmyceB Be· 0.49 2.6 10.2 5.3 9.0 32.4 

dew may form at the surface of the bag stack and. moulding may occur 

when the stacks are stored under the natural hermetic storage system. 

The plastic covers may balloon out (Fig. 9). IntereOstingly, it has 

been found that the mould occurrence varies with season under hermetic 

storage conditions. The quantity of mould rises as the grain 

temperature increas es and falls again when the grain temperature 

falls (Fig. 10). 

3.3 Studies on grain quality. 

The quality of stored grain can be preserved fairly well for six 

months if the C02 content in the store, initially at 80%, can be° 

maintained above 70%. This is particularly so if the temperature 

is kept below 20°C as well. After storage over a summer season, 

the cooking quality of rice is as good as fresh grain (Table 2). 

Under hermetic storage conditions in summer, despite the high 
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Fig. 9. Mould growing on the surface of bags of rice stored at > 
16% m. c. (left). Ballooning of the stack cover with rice stored 
at > 16% m. c • (r ight) . 
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Fig. 10. The variation in mould. content with season of rice stored 
in hermetic conditions. 

prevailing temperatures, the grain quality does not deteriorate 

obviously, although various degrees of starch aging may take 

place. 

The effect of the gas composition of the storage atmosphere on 

grain quality (Table 3) is much less than that of temperature. In 

experiments on rice stot:ed under 98.5% C02, 1.5% 02 at various 

temperatures it was found that temperature influenced the quality 

even when kept under CA. Aging of rice still occurs after storage 
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TABLE 2. 

Variation in quality of rice stored under various C02 atmospheres 
for 6 months (temperature 13-20°C, moisture content 16.2%) 

Storage atmosphere 
C02% 02% 

CookIng · 
qualities 

AcIdity of 
water extract 

(ml N ROH/ 
10 g d.m.) 

Fat 
acidity 
(mg KOH/ 

100g d.m.) 

VIscosity 
(c. st. ) 

o 21 50 3.17 29.4 

75-85 3-5 93 0.7 81.9 14.4 

85-95 1-3 95 0.7 82.8 15.1 

Original value 100 0.7 57.4 16.4 

in summer with temperatures reaching 35°C. If the temperature is 

kept below 25°C the quality is maintained better under CA conditions. 

It is evident that CA storage is superior to ordinary storage 

(Figs. 11, 12). 

3.4 Studies on Skin-Packing 

Polyethylene/polyester composite films made in China are used 

for sacks of high grade rice of ca. 15.5% moisture content. Rice 

stored in these sacks at the standard temperature, 20°C, can be held 

for one to two years without degradation of quality from insects, 

overheating and other deterioration. The ageing of the rice is 

retarded. 

It is claimed that the bes t storage atmosphere is made by 

creating a vacuum in a sack and replacing this vacuum by C02. The 

second best system is to replace the air directly by C02. These 

methods give a skin-packed product. Filling with nitrogen only does 

not give the skin-packing effect and is inferior, but still better 

than simple airtight storage. With simple airtight storage the 

packing film shrinks onto the grain as the C02 produced in the pack 

is absorbed. This takes at least 24 hours. Simple airtight storage 

is less convenient to use than the vacuum packing method. 

It is found that the lower the temperature, the better the 

quality of the stored grain. 

The quantity of C02 taken up in the skin-packing method has 

been investigated. Over 50 bags of 16 x 24 cm polyethylene/polyester 

film were filled with Grade II rice of 15.1% moisture content. The 

air in the bags was evacuated with a vacuum packing machine . The 

packs were then sealed and held at 12°C for 4 to 5 days. After 
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TABLE 3 

Variation of quality of rice under various atmospheres for 3 and 8 
months. 

Natural oxygen C02 Air 
deficient atmosphere 
init after after init after after Init after after 
ially 3 8 ially 3 8 ially 3 8 

mths mths mths mths mths mths 
Adaity of 
water extract 
(ml N KOH/ 
10g.d.m) 0.7 1.1 0.62 0.7 1.8 0.37 0.7 0.65 0.40 
Fat acidity 
KOH mg/ 
100g.d.m. 7.4 73.1 7.4 58.4 7.4 45.2 
Hardness 
(kg/kernel) 

(%) 
4-7 

76 
4-7 

74 
4-7 

76 
3-6 

84 
4-7 

76 
4-7 

79 
Iodine-Blue 
value 
(transmission, 

%) 53 77 71 57 78 68 53 67 64 
Specific 
viscosity 

500 
(E20 C) 1.71 2.06 1.80 1.82 2.06 2.22 1.71 1.85 1.94 
Amylogram 
Gelatinization 
temperature 
(OC) 

83 84 81 83 85 80 83 85 81 

Temperature 
of peak 
viscosity (OC) 93 94 89 93 94 89 93 94 89 
Peak viscosity 

(B.U.) 680 780 790 730 950 1000 680 860 860 
Final temp. 
of viscosity 
(OC) 

97 98 95 97 89 96 97 98 96 

Final point 
of viscosity 
(B.U.) 540 590 630 560 720 660 540 660 660 

Cooking 
iualities 
ustre 5 5 5 

Taste 5 5 5 
Freshness 5 4 5 
Cohesiveness 4 4 4 
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Fig . 11. (A) Variation in free fatty acid content in rice stored 
in air and C02 at three temperatures. (B) Variation in iodine-blue 
reaction of rice starch in rice stored in air and C02 at three 
temperatures. (C) Variation in paste viscosity from rice stored 
in air and C02 at three temperatures. 
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Fig. 12. (A) Variation in G.A. D.A. in rice stored in air and C02 
at three temperatures. (B) Variation in ~-amylase content of rice 
stored in air and C02 at three temperatures. 

checking for any leaks in the film or its sealing, C02 was admitted 

to each pack through a flow meter. The quantity of C02 taken in was 

calculated from the time taken to refill the pack. 

The quantity of CO 2 absorbed averaged 73 ml kg- l After allow

ance for diffusion through the packing film, this corresponds to an 

absorption of 69 ml C02 kg-I. In Japan, where polyethylene/polyamide 

films are used, the absorption is reported to be 70 ml C02 kg-I, a 

value close to that we observed. 

4. OUTLOOK 

CA techniques were initially applied to rice storage through 

the summer. This successful technique has been unanimously welcomed 

by personnel engaged in grain storage. Application of the hermetic 

storage technique using plastic films is inexpensive and is gradually 

being extended to the storage of maize and wheat. In state-owned 

or commercial storage in large cities, CA storage using either 

natural oxygen depletion or filling with C02 is widely adopted. 

Both the 'one-side' and 'six-side' sealing systems are used. The 

use of C02 seems preferable to filling with N2. The use of multi 
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