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SUMMARY

Y
X-¥ PROCESS FOR SOLVENT EXTRACTIVE MILLING OF RICE

by

ﬁ John F. Nowlin
Technical Manager
Food Engineering International, Inc.
Houston, Texas, U.S.A.

I¥TRODUCTION

1. A technoldgy for the solvent milling of rice has been developed and
commercially practised for several years by Riviana PFoods of Houston, Texas,
U.S.A. This technology, trademarked "X-M", is a replacement or substitute
technique for the rice-bran removal step of traditional rice milling methods.

R

1/ T™he views and opinions expressed in this paper ars thoss of the author and
do not nacessarily reflect the views of the secretariat of UNIDO. This
dosument has tecen reproduced without formal editing.
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2. The problems of rice milling are: loss of edibl: rice, breakage of whole
rice kernels, and general under-utilization of tho rice—bran product due to
its storige instability. By application of X-M processing, ih.se problems are
greatly reduced.

PROCESS DESCRIPTION

3. Key steps of the X-M process are the pretreatment of brown rice with rice
o1l to soften the bran laycrs prior to milling and milling the rice in the
presence of a solvent. With thesc stops, the bran and germ is removed from
the rice kernel under more gentle conditions such that lcss of the endosperm
is ground away with the bran and the breakage of whole kernels is significantly
recduced.

4. Chart I demonstrates thc relationship between X-M facilities and oomven~
tional rice milling facilitien.

5. Chart II gives a simplified fluwsheet for the process.

RICE MILLING YIKLDS

6. This achievement has been documented by direct comparative test milling
between modern conventional facilities and X-M facilitiecs. Over 17,000 metrioc
tons of rice were milled during those tests and the average results show X-M
milling to contribute whole kernel rice yiecld inoreases of 4-5% and total
edible rice yield increases of 1-2/

T. 1In sddition to the ediblc rice yield milling increases, two by-prod.iot
streams are obtained. The first is a defatted rice-bran product. The
defatted brea (unlike oconventional bran) is ree flowing, bland in flavor and
odor, and stable to storage conditions. This bran has s protein comtemt of
17-20% and is suitable as & human food ingredient.

8. The seoomnd product is orude rice oil. This oil is low in free fatty soid
(1-2%) decsuse extraction was carried out at the same time as rice milling.
Also, the oil has boen dewaxed such that it oan be processed to quality cooking
and salad oils without excessive refining losses.

9. Table I shows Comparative Yields X-N and Conventional Milling.




ECONCOMICS

10. Economic feasibility studies show X-M rice milling to bc an economically
profitable investment +hen practis.d as an industrialized manufacturing process
Capital cost for a "turn-key'" X-I" facility with thc milling capacity of 100,000
metric tons/y .ar is estimated at 1 to 2 million U.S. dolls-s. Payout forecasts
of this investment are in the .ange of 4 to & years 1n typical examples. The
influence of the specific business enviromment is highly significant to these

ocalculations and detailed studier are required for each specific case.

11. Capital and operating cxpcnses havc baoen estimat~d for operatione i1n the
Far East based on the capacity of 90,000 metric toms per year of paddy rioce.
The estimated turn—key capital investment is U.8.3 1.5 million. The annual
operating cxpenses for labor, hexane, depreciation, supplics, utilities, eto.,
were estimated at U.S.3330,000 per year, which is equivalont to U.8.$3.66 per
metric ton.

12. Table II shows a Summary Economic Statement for the cash flow profitability
for operating under the conditions assumed in this casc. A payout of 4-5
years is forecast based on a yearly cash flow of U.8.3 340,000.

13. 1n summary, a technology for the solvent milling of rice has been developed
and oommercially proven in the United Statecs of America. This technology
offars the benefits of higher yields of milled rice with lcss kernel breakago,

a defattod rice~bran product stream which is storage—stable and high in protein,
and the production of a low free fatty acid crude dewaxed rice-bran oil stream,
These benefits can be achieved in &n cconomically viable venture when practised

as an industrial process in a suitable vusiness envirommont.

14. The process is protected by patonts in most ricc producing nations and {0
aveiladle for liocemse through Food Engineering International, Ino. U.8.A.
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Imtroduction
1. Solvent extractive milling is & new technology for rice. This

technology is named X-M Rice Milling. Brown rice is the rav material,
which is to be processed to white rice with the aim of achieving the
highest utilization of that raw material. Rice milling operations
have been traditionally plaguc& vith several problems. These problems
include (1) excessively grinding away edible rice in the attezpt to
remove the bran layers, (2) breakage of the whole kernels into less
valuable broken rice fractions, and (3) under utilization of the

rice bran stream. With X-M rice milling, these problems are controlled
by using processing technigues to convert the brown rice to the dest
possible product mix at maximum yields.

Ine XM Concept

2. The concept of X-M 1is t0 perform the bran removal fumotion of rioe

milling uwder more gentle oconditions and in the presence of a solvemt

to obtain higher yields of rice vith less kernel breskage and to extract,
ewring mlling, the fatty components from the dran, germ and rioe Mernel
such that high quality by-product streams of defatted rice dbran and
erude rice 01l are obtained. Through this, the ususl degradation of
these two dy-product streams is greatly retarded and the streams

become upgraded to co-products with the rice. This technique 1s move
then simple theory. It 1s commercially proven technology. Riviana
Foods Inc., & major rice miller in the United States, bas constrected,
ingroved, and operated & commercial scalc solwent milling facility foe

soveral years. This plant dm-wuu 100,000 metriec toms of

~ &




brown rice per year. HNence, rice growving nations around the world
bave a new tool available to them to increase the utility of their
Fice crop. This is especially attractive as Yields increase and more
nations approach or atiain seli-sufficiency in .ice production.

3. The purpose of this paper ia to explain the ;rocessing techniques
that are used %o achieve the aims of tre concept; to discusa the
products and descrite their characteristics and markets; to outline
the procedures uzed to substantiate the increased yields in riee
milling; and finally, to discnss the economics associated with new
ventures in X-M rice milling.

4. Ohart I demonstrates the relationship betwcen X-M facilities and
oonventional rice milling fucilities. On the left side, conventic.wl
rice processing has been separated into four operations. PFirst, 1a

B the cleaning of the field rice to remove dirt and strev. Second, is
‘the shelling step to remove the hulls, which produces the browa rice
e a 1‘003 ltrm for the third step of bran removal. Bran, of cour.»,
ia n by-m;odﬁct from the bram removal step. The edible rice theredy
cbu:laoq; 1s then forvarded for ¢ ading and packaging. When X-M
facilities are added, as indicated on the right side, the traditiom :
bran ml otep 1s replaced or substituted with the X-M process.

h thie oase, howevir, two ‘y.producta ere cbtalined frcm the operatic-

Of Rilling brown rice to white rice. One 1s & defatted rice brem
ltuu,ultbtother uncmﬂorieo bran o1l streea. !hltlh‘
rtummnumwtomwxu.m-umm
eperations. mummmmporfm‘mm‘-mm
mmmamummmmumm
adlling.
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Cmmeretslisation Of 1

3.  OCmetruwetion of on In feility ia Mbeville, lowisiaca, wae

nitlated ia 196h. I\ wug ssnstiruciod adjnoent t¢ am enisting

tostmnlegy. hqhﬂhnofm“mw
mm-mmmm atisfuetery sspasetion of
Mhmmzommmxwmnmhnl—tﬂ

anebdase , (J)mn—.auwmtn«.muxm
-t-hm.uxm-‘nhOth“ﬂ.

u(b)m«mummhw—-ﬂ
sredustion faeilitses.




ssdified to receive and distridute the ‘oihnt stream. 8ince solvent
1s wesed throughout the plant, 1t's hecessary to use good operating
practices 1like those for any plant with explosion hazards. The plant
should de isolated from ignition sources and explosion-proof electrioal

oquipment {s installed 'n a manrer typical of 01l seed extraction phltl.

s

7. Chart II gives a simplified ;ﬂmub«t for the process. The
startiag point is dbrown rice coming into the plant. The drowm rice
Bes Deon cleaned of paddy prior to delivery to the plant. After
weighing, 1t passes through a chambér in which warm rice oil is
spvayed om the grains at a concentration of approximately one-half of
.., 3% Prom bere it 1s conveyed to one of twolholding ins. The purpose
of this oil treatment and holding 1s to achieve a softening of the
beaa layers prior to miliing. The treated rice is them distriduted to
e daak of & golvent rice uu-; These nills mw in parallel
oush that the rice is milled on ome pass, that is, rice goes through
ealy ene sachine one time for dran removal. A second streem 1s also
iastredused to cach of the solvent mills. This is a miscells streem
mnde Wp of rice ofl and hemane, such that the rice milling coows ia
o ligeid niscella medfim. i

s. .mdhhdﬂ%riuh%h&i&d”&ofﬁm&‘
itk mab 1ess pressure than in mu—i facilities. This 1s
bocanse of the1i¥isnce of the n«uumuummnmu.
of e Yrea esats. hwmu.ﬁt sink to adeord
frietiomal heat mmmumn&mﬂu. It aleo

mcmmmu.mmmzumnm
mmmmMummmmm




CHART II

XM RICE MILLING PROCESS
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for thedr ttaplete detachment. In addition, the liquid tends to reduce
local pressure gradients such that more even pressure is distributed
throughout. the rice bed being milled. Time in the milling chamber is
approximtely 15 seconds.

g, Rice is discharged from the end of the mill end conveyed to &
series of vibrating screens in which it is drained and flushed with
fresh hexmne to remove the surface oil and adhering bran particles.
After draining of this wash stream, the rice is conveyed to a
desolventizer. The desolventizer is a vertical tower in which the
rice cascades from the top to the bottom through two sections. During
this period of time, the residual liquid hexane is evaporated by the
counter-current flow of a warm gaseous mixture of inert gases and

solvent vapors. The desolventized rice is conveyed to the conventional

facilities for the appropriate grading, resoval of brokens, classification,

or packaging steps.

10. The seeond stream coming from the rice mills is s aixture of

. hewine asd.rice 611 and bran. Several steps are required to'schiéve
complation of bran extraction amd separation of the liquid from the
sol4di#treaiis.: A slurry of bran.and miscells is depdsited to'n -

. settlér. This settler also receives the liquid from the rioce vashing

‘a8 well as seversl recycle streams not shown on this diagram.

1. Bxttection of the oil fraom the bran as weld as the concentration
of the bran stréam is aohieved in this settler. A thicksned slurry of
mummmummmmwmmm
mm. Wefthenimlhmdmh&ncofmbmu

ineluded prior to feeding the second cemtrifugal. A hexane dasp bien

]




cake is obtained from the last centrifuge and desolventized with
cyclone equipment uiilizing super heated hexane vapors and an inert
Ras purge. The desolventized bran is Pneumatically conveyed to
begging and/or storage areas.

12. Rice o1l 1s recovered from the first bran centrifuge liquor. This
miscella still contains some bran 80lids dnd approximately 11-14% of1
Plus some rice oil waxes. A series of 1iquid cyclones is used to
remove the larger bran particles. The miscella is then cooled, water
is added, and the stream 1s passed through a high gravity stacked-dise
type centrifuge. This centrifuge removes the remaining bran solids
and pert of the waxy fraction in the 01l. This clariffed niscella is
then distilled with standard stripper-evaporator equipment to remove
the hexane from the ofl. The hot crude oil containing about 14§ wax,
1s chilled and stored for 2 days. The long residence time is to allow
erystal formation and growth. After holding, the oil is Pumped to a
mixing station where a Tloceing agent is added. This agent forms a
physical-chemical bond with & precipitated wax to weight the particles
for easier centrifugal separation. When centrifuged 4n classical,
oontimous vegetable o1l refining type centrifuge, a product oil with
Very low wax levels is obtninod; This crude o1l dewvaxing 1s necessary
to obtain an scceptable product oi) for low-loss vegetable o1} refining.
13. Hemane vapors gathered throughout the Plant are condensed with
wter oooled condensors and comdbined in g central haxane tank for
appropriate redistridution. Vapors from the water condensors are
vented through a mineral oil absorption system to trap the residual
hanu ad allow escape of non-oondensidbles from the Plant.
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X-M rilled rice. These advantages have been achieved without changes
in the cooking or eating qualities compared to regularly milled rice.
This has been confirmed through blind preference testing by both
United States and Philippine consumers. Hence, the markets for X-M
milled rice are the same as with conventionally milled rice. Both
nll_nilled and intermediate grades are sold through the same chennels
a8 conventionally milled rice.

17. The X-M defatted rice bran is a markedly different product from
conventionel rice brans. This naterial is free-flowing, it has a
bland flavor and odor, a light color » and (with the oil having been
extracted) it is stable such that it can be stored and distriduted.
Chemical enalyses indicate new uses for rice bran at potentially
higher sales values. The fat content is reduced to 1-2%. The
protein content is typically 18-20%. Tis protein can be precipitated
and recovered. We have also demonstrated that the 8% fiber in the
bran can be redistributed by r;ther simple means to yield two bran
products, one containing 12% fiber, the other containing 4% fiber. At
present, the defatted rice bran 1s sold to the traditional animal feed
outlets, primarily for pelleting for poultry and cattle ,tecdnv‘.;v }uth
these markets we are achieving the same prices as with conventional rioe
brans. A zmall fraction of our sales goes as a human food :lnpodhnt
at oconsiderably elevated prices. These uses, at present, are in
gpecialty bread flours and as spice carriers. 'me Potential for
mdi.ng defatted rice bran as a lwnm food ingredient lboud be
very great in those high rice consuming mtiona where the need 1s not

», bd.ng presently filled by othor qricultunl by-product streans,




18. 'The characteristics of the X-M crude rice oil are, like the

bran, extremely improved compared to traditional supplies of extracted
crude rice bran oil. The free fatty acid content is at the 1-2§ level
and the m’ has been removed to the 0.15% level.

19. With these low free fatty acid and wax levels, the crude rice
bmﬂ oil can be processed to a cobking and salad oil, with losses
more comparable to other oil seeds as opposed to the traditiomally
excessive losses experiinced with rice 0il. The plant in Abbeville,
Iouisiam, produces over 3 ﬂll;.On pouhd- per yvar of oil. This ofil

1s 8014 to refiners for processing into cooking and salad oils and

to various food operations for bresd pan relesse agents and dairy
foods. O'thoi"wkaf:i are for ﬁoh-food uses such as drilling muds,
paints, and protective coitinga. Riviana has demonstrated that
chemical derivitivés obtained from vegetible oils are also possidle
with rice oil.

Rice Milling Yields

20. The most important aspect of any processing technology is the

yields that are obtained. Likewise with X-M procoui'u, increased

¥ields of edible rice 1is the key advantage of the technology. Increased

yielda, as shown by the experimental data of the original inwemtor, Mr.

Truman B. Wayne, were what 1éd to the commercialization and developmeat

of this technology. As you well know, commercial operations aad

labozefory. aperiments giite often differ in results. Therefore, 4%

was determined to document these incressed yields on commercisl cparations.

21, The X plant ip Abbevills, loutsians, vas coustructed sdjecent 10
conventionsl facilities. Field ripe clsaning aad. shelling operations




were perforzed in the old plant. The conventional bran removal
facilities in the old plant were recently modernired and reinstalled
to allow direct comparison of bran removal functions of both processing
routes. The most difficult requirement of conducting this direct
bead-on comparison was that of being assured of the same rav material
going through both processes. Since we were wvorking with an
agricultural raw material, it varies from lot to lot, or growp to
growp andlcoqarison of different groups would not be valid.

22. Bquipment arrangements were therefore made to allow a given
growping of rice to be handled, cleaned, shelled and processed to
brown rice feed material. This brown rice was then divided such
that part of the grouping could be fed to the X-M processing
oquipment and part to the conventional Processing equipment. This
separation Occwrred with a limited holding period between either
process such that as the brown rice was separated it was tlnn fed to
its respective processing routes. Scales and saaplers were nutdhd
Mmmwm.mimm-mhrorbrohmoathbm rice feed
to both conventional and X-M facilities. Simtlar scales and samplers

were installed on the milled rice streams from both plants. hAtlu-;

thnm:Mtouchplmtmdthnnimtofnam
nunwpm~mmmm-mmmm»umamm
milling operation vere determined for s specific feed stream. m
orbnmmunumn«mmmmorumum."
Sumbir of chacks were made to guaremtee this situatica. Over 17,000
Betric tons of drown rice vere xilled 1n this manner and dats collected
o8 the {ést rums. Tuis required opersting for a period of several




sonths and controls were exsrclsed to prevent distortion of data in

either 4direction.

23. The 17,000 metric tons were broken into 26 separate milling lots

and yleld comparisons calculated for each of these.  Included in these
verious lots were both long grain and medium grain U.S. rice varieties
milled for both intermediate or partial bren removal products and for

very well milled products. These carefully controlled tests conclusively
show X-M milling to contribute higher whole kernel yields than that
obtained from the conventional facilities. Also, the total milled

rice yleld rm- X-M milling was: shown to be 13% higher than that obumd
frﬂ tht conmtlml facilities. In addition, the head rice Or whcll ’
kernel yiold from X-M facilities is approximately 434 higher than that
ommd from equivalent conventional fucilities. This average held
ocutaat for all four types of rice milling, although the inﬂivi.hu
Jot results n.npd from no yield increase to excrptimm high mn .
inoresses. This variation would be expected wvhen working with aa ‘
agricultural product on commercial operations.

24. We 4o, however, feel quite confident that these average mumbers
are obtainedle in typiocal industrial rice processing ventures. Table I
shovs a swamary of the averags milling yields for these direct comparisons.
Geviously, less defatted bran is produced than conventional braa ia

aoteal operations because of the extraction of oil and the non-contamizatiocn
of dren with hulls and rice polish.

25. The production of devaxed 01l 1s based on extracting the bren ead
mmnmmxulv-lshomumupm‘ﬂm
of the rlce Mernel from its 0.7% level to agproximately Malf of thet.
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COPAPATIVE YIELDS X-N AND CONVENTY L%

Basis: Percent of Paddy Rice

bt iing Nield Copvemtioss] MiLlag Tiel
et riee (200) 0.6 s.00
Svehma greia 9.07 0.0
Comventiomal bres . 9.0

Safatted bren (1§ o1l) 6.66 .




Terefore, the i€ i pf PR - 1 . . X i e gl
snde wp of rice extractel frow ‘he Eerre. 3= Srposed to aly the bram

end govm fats.
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2. e seomomic profitar:iliity »f the sxi st ng pia-t 1m Aeneville,
Louistiana, has more than sdequatel)y temorsiratedl ‘uceessh. erendmi eo .
%0 000088 ar ecomamic prejectiem Por pew (M pacts. it i required
0 Goternine the Operating cos! ard product su 28 valucs for the
gpoeific dusiness ervironment im which the puer’ i3 operating.
Wriables particalarly significant ime.wie the e <’ per man b0 4

for lador, availarility and eost of mexae, var ke’ Tharecier.siies
for the rice, bran, eni oil jroduets, and plant capae . ty. There are
wiée svings in the unit value of the reriables from eountry (o sswmtry.
for emmsple, in scome eountiries Gefatied riece drar selis for preniwm
priess, while ia others {4 sells at discounted levels Jompared to
csmventional riee bran.

1. In erder to Qevelep wore wlated inforsation fo: nevw plants, an
outebls engineering and comstruwetion stupany was eommissioved %0
Govelap prelininar)y design and eost estimates for new plamts. This
sstivity was initiated late lasat years to provide sccurate ata oo
fsesnsting sesmenie profitedbility. Withia the seope of this study,
e Mbeville plast vas stulied and de:ign medifications were
fassrperated iate & now plant Sseign. Changes ‘rom the Mbeville
Goalgn vore mstricted to preven precessiag wnit operstiens, W oveld
aperiasntal eperetisns ia aow plants. Dutailed heat and materiel

“w“hmmmﬂ“ﬂaww




of operuntisng ‘he en‘sting PIart tu cal wiste the prejected sperating
Spenses. Capital ~csi fir evhs Fuct » and desige of a total turam
ey plart were also c3timated. These apitai cets were dased en
direet oquipmer* g ta'| na.

M. A differentia; economi~ preflle ear now be saleulated by esmbiaing
e information Blained from tie gircerirg study with the cemmereial
otmparative aiiling yields seta'red £ m tie Aboeville plant eperetion.
Inoeme, cr earrirngs, is gerersted by sale 3f the three preducts
Wtafned from procescing srown rice, Lhat is., polished rice, dofutted
riee dran and erude rice 0il. Bince A-M mj Iling ias enly parts of the
0%al riee processing faellity, the fullowing eseenomie discuseiom 19
based on & comparis n betweer o modern, veil rw esonventional riee
allling facility and one with X-M riee ailling faeilitics. Therefuee,
Lassme eredite are assigned only for changes in quantity and wit
Wlne of the products beween the *wo Processing rowtes. Ne

SBuple, ineeme credits are assigned to XN for the ale of the
ifitienal hoad rice sbtained amd for sale of Lhe erwis oil predused
Wy E-N precessing. A 1ees 1n tnecwme is Sesigned %o the lower gmatity
of trun and droken rice erwels availadle for sale fram X-M presseeing.
Comventional doun remeve] 3pereations are arsitrarily set at pere

fassme | however, emyenses are tneurved. Therefore, ia order % sddala

We cssmsnie csupesioen, E-M precessing 11 eredited with saviag the
m«wmmwlm'@unsmhmm
dhm&munmwm, Comvent Samal Youn
wwmm.mmuﬂwnbm&pmu
of padly riee.




9. Por this gmersl case studly, typical U.8. bulk wholesale prices
are assigned to the products, that 1s, $3.30 per hundred pounds head
riee, $4.90 per bundred pounds droken rice grains, $1.60 per hundred
Ppownds of doth conventional or defatted rice bran, and $9.00 per
bundred pounds for crude dewaxed rice oil. The net income generated
Wy XN processing by the changs in products gained, or lost, by X-M
#4600 milliag in comparison to conventional milling is equal to $5.37
PP metrie ton of paddy rice.

30. Gupital and operating expenses have been estimated for operations
S8 the Mur East based on the capacity of 90,000 metric tons per year
Of paddy riee. The estimated turn-key capital investment is §1.5
‘n&- The annual operating expenses for labor, hexane, dcpuchtiﬁa,
| GUgPRies, wtilities, etc., were estimated at $330,000 per year, vhich
&W % §3.66 per metric tos.

‘ »phu-nnuu—rymmucmu-nt for the cash flow
pumnv for operating under the comditions assumed in this oase.:
‘mnb-lmu forecast based on a yearly cash flov of

49he 0.
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32. In summary, a technology for the solvent milling of rice has
been developed and commercially proven. This technology offers the

benefits of higher yields of milled rice with less kernel breakage,
& defatted rice bran pProduct stream which is storage-stable and high

in protein, and the production of a low free fatty acid crude dewaxea

rice bran oil stream. These benefits can be achieved in an economically
viable venture when pPracticed as an industrial process in a suitable
business environment.









