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SUMMARY

Twe biveataiytie proevases of the preduetion of proteins from petrolewm
vil have been studied in « pilet plant scale. Condide lipaiylics sa well ma
other yomts have beent used as the micreirganiomn for the fermentation. In
one of the provesucn, the subntvate uned i n-puraffin, and, in the ather,
it gl "

In pweral, the cuntinuows fermentation teehnique has been wdopted. In
wme cann the prirayeasts were cultivated in bateh procemes. The pereentage
of csnwrsien of n-alhanes inte petroyessts s sbout 70--80%.

Preliminary rewnits from experiments on freding pigs and chickens with
n-paraffia yeasts st 10—25% levels show me spreific pathologics! chunges
in the trsted animals. The yeants frem gas-oll fermentstion are tosie, but
breame non-tmaic after the extructions with nleobel.

More extensive studies on petroyeasts ns proteinoms fredatuf! are now
bring sarvied on.

Petrayrasts contaia Co-and C.fatty ssida The budy (ot of pign fod e

vetrayosts contnin alw (Cund Cuo-fatty achds which are negligible in the
normal contrel pign.







SOME PROBLEMS ABOUT PETROPROTEIN
AS A NEW FEEDSTUFF

Wano Yu ano Fane FEnc-suan

(Rhanghai natitute of Ovoamie Chemialey, dowdrmin Ninwa, Shanphas, Ching)

The rescarch on petrolenm fermentation in China begiac i the sixty, when the
Chinese people guided by the principle of “seifreliimee and hard  struggle”  discovered
and exploited the petrolewin resonrec af Daching. Because Phiching ernde petrolenm is
highly rich in puraffin, it was then decided to mike use of  this materiad and to find
wuys by means of bioeatulytic proeesses to convert parnffin into fats and protelns,

At present, the problem of petropotein production in China has been considered
on the buxis of her own concrete conditions. On aceount of  different  properties of
erude olls from different petroleuin reourses und specific conditions of different re.
gions of the eountry, two processes of petroprotein productions are being investiga-
ted in paralicl.  One of them is the production of the protein from the fermentation
of n.paraffin, and the other, that from the fermentation of gas-oil, by Candida Ii-
polytica, other yeusts being also employed in specinl cases. From the gusoil fermenta-
tion dewuxed producty may be obtained.

Nome revults from the studics on n pilot plant are summarized ax follaws:

1. PETROPOTEINK FROM N-PARAFFINS

The substrate ued was n-parnffin (so-cudled heavy oil) prevared from the 220-—
3W° distillute. of a vrude petroleum oil by urea molecular  complex m«thod It in
componed of (y—Cy n-nlknnes, mainly of Cy—L{', hydroearbons (87.3%), the aromatie
hydroeurbonn being less than 0.59%.  In the fermentation medin  nmmonium sulphate
“(1% ) in used us nitrogen wource, nnd a-paratfin is ndded nt 3—35% (bhy volume) levels
tgether with ndeguate amounts of mineral salts (Tuble V). C. lipolyliea smd C. tro-
picalis have been used, and the former has been employed in the most casen. The pH
was maintained at 4—4.5 by adding ammonium hydraxide solution, nid the tempera-
ture, kept. at $0—32°C. For the sake of comparison ax well as for other parposes, a
continuous irocens with threestage fermentators of 5000/ (with working volumes of
W0 1) xnd u bateh process have been siudied side by side,

In the cuse of the continuous fermentation, the volume ratio of seration was aro-
und 1:2 10 1:25; the yeunt conceuteation in the first stage fermen tor in average,
3—7 w/l; the pute of flow, 400 L/hr; and the rate of dilution in average, 1/6—1/6. The
fermentation hus been continuued uninteeraptedly for a month.  The fermentation
produets were sepurnted by o high speed centrifige and the crude yeast was washed
by water. Finally the product cither directly or after subjoection to subsequent treat-
ments was drum-dried or spruy-dreicd. The pereentage of conversion of nalkanes into
dry yewsts wan about 70-—-80%
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The esetinl features of the fermentation provess for gas-oil are the same un the
sbove-mentioned onex, with the cxeeption that gavoi! contoining eo. 154 w-alknnes
(or other distillates: ix used ws the substrate. The pereentage of ennvernion was in aver-
age T5% . Besides the petroyeast as the main product, there ix alwo sbtiined dewased

oil an a byproduet. After centrifugution and subsequent trewfments, the  =duet yewd
waus dried.

HT. SUmeqiteNT TREATMENTS APTER REFARATION

The yeast obtuined from s-paraffin was either dirvctly dried after water wanhing
or first subjected to aleoholic extraction with or without pretrontment with alkali und
then dried.

The yeast from gusoil was subsequently treated in the following wayw:

(1) The yeast concentrate from the centrifugntion was wtirred up in dilute wr
dium hydroxide solution (10% of dry yeant) at $0°C for 1 hr. tn remove nueleie
ucids, eentrifuged and dried.

(2) The alkali-treated yesst was further extracted with petroleam ether chiefly
ta remove the rewidue of non-fermeutable hydrocarbons wnd then dried.

(4)  The alkali-treated yeast wun further exteacted with aleohod to remove nibs
and fats until the fut content wan below 2% and then drici.

The defatted yeast thus obtuined commints of 0% erude protein, 1 1% fat, 30%

ueh and €V10% water (Tuble 2). The mwentinl amine aeld contents of the prtroyeants
are given in Table 3.

IV. Toxicrey Trwes

Preliminary tests show that C. lipalytios und other yeasts empioyed are non-py .
kenic and produce no toxic substances  Toxieity testn huve b en performed on P,
chickens und albino rats,

In & number of experiments with pigs, groups of five uimhh?‘f 3 munths old
{exeept one experiment with pigs of 7 montha of age) of the sume ' “Bere rmpluyed,
Control groups were put on a ration consisting of whent brun, riew bran, bariey meal,
corn meal, soybean cake, stone powler and table w!t, vegetubles heing yriven daily in
extra.  In test groups, petroyeusts with different subsequent treatments were fod at
two different lovels (10 and 25% ) in substitution for soy beun eake, snd in eane of
the 23% group the yeast xino partinlly displeced the other feedstuffs (Table 4).
Daring the experimental periods of four months, the average duily comauamption of the
rations and the gain in budy weights have been noted. At the end of the FEprTiments
the animals of both the contrel and test groggm were suerifieed and exumined for
gross pathological changes and histologieal lesions of internal orguns (liver, heart,
stomach, kidney cle.).

In cuse of tests for n-paraffin yeast treuted with alkaline and glroholic extractions,
the uverage daily cossumptions of the fodders of the test and eontrel groupn were
practically the same, 1.6--20%keg per pig (Tuble 3).  In aversge, cuch tewt pig had

—-— Y
-




taken 00 il SO0 ¢ ctroyeasts eospeetively in the 1079 and 205 devel genups. At
the end of the tostn, the average body weight inereases per piz of the two test groups,
were greater than thise of the controls by 7 awd L1 respeetively, corresponding to
0.4 and D42 kg day ‘pig i the test groups, in comparison with 1.4 and 044 kg/day/
pige in the rontrol gronp. (Table 61 Experinents with defitted petrovessts gave  si-
milar resultn.  Compusition analvsis of the pork From both the contyd and test groaps
shows no significant differences < Pable 75 The apreavanee of the growth as well as
the resultx from grows antopmsy and histological exatmination of the internal vrgaim of
all text groum ditl nat bedicats any specifie pathologrieal lesions due to petroyenst-feed-
ing.

In ehicken tets, qroups of 80 chickens of Broek race. 10 days after hatehing, were
employed. One proup was put oa » ventrol rution, cousisting of corn, brokeu rices,
burley menl, wheat bran, movbewn enhe, fish meal, tabtle salt, stone pawder, phosphates,
traee chements, vitmaina A, De and 1Y and also green v wetabiben.  The  text  groupm
were Put on rations similarly componad but with the exeeption that 10% of sy beunt
cake waa substituted by petroyewst from a-paraffin (Tuble &), The duration of experi-
ment was two months,  In the sccond menth, more corn was given at the expenns of
broken rices, barley meal, wheat bean and fish meal. (Tuble 8. During the period
of two months, the averyge duily consumption of the fodder (77g) and the average
weight increane (1670 ) per clicken were prartically the same for buth the remtral
and the test groups (Tablen 9 and 100, The feuthor uppearsnee aml the results of
compunition wialysis of the hreast mowcles of the chickemm in the test and control groupm
show no significant differencin (Table 11). A number of the ehichins in each group
weve killed for astopay. Urows cxaninations ae well as histol ogical studien of the in-
tevmal orpann of Both control und test chickens did not reveal wuy apecifie pathole-
wieal chungen werribable 10 the toxwity of priruycasts. The rest of the chickens are
bring hept wlive on the sume rationn.  The number of e laid and the pereentages
ol the suvemful hatching of the fertilisemd eggn of the test groupm did not differ
sigiilicantly from thowe of the control groups. Rxperiments have been earried on for
theee generntionn, The general growth of the dencendunts of the test group and the
laying snd hutching of their egun were all mormal in compurinon with these of the
controls, aml gave e sign of specifie symptoms of petroyesst tonielty.

In cune of tewts for petroyeasts obtained from gas-vil and only treed from nurleie
aride and revidusl petrolenm, foeling experiments (at 10, 20 and % leveln) show thet
all the teut pign, chirkens and albinorate guined lew by weights then the eontral enm
during the fuur months period.  Furthermore, the stomachs and livers of the test pigm
shownd significant hypertrophy and puathological lesons. The changes oreurring fto
the 0% priruyeast group was more severe than the 100 group, and the 50% level
group shuws the wrveret leniotm tugether with arcieuiation of weeitic fluld. In the
chivhen tewtn. sofai enly the sepucution of hermy layer from the wall of museular
tomark cowld be ohaerved in the test groupn. But theie wyerr ne pathalogics! changes
found in the internal arguns of the tent ruts fel on gas-oil yeasts. On the other hand,
the pige fed un peteoycunts defattend by alevhol  show that their increanes in budy
weights (Table 12) und their uutupmy findimgs indicute no spevific differenves frem
thane of the contrul animals, while the pis fedd on un alevhodic extract from the gas-
wil yeasts prewnted clear pathological lesions in their livers und stomachs smilar to
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thowe of the test pigx fod on untreated was-oil-yeast.  Thorefore, the foxic substanee
could be removed by leoholie extraction,

Analysis of 34-benzopyrene contents in the adipose tissue and lean meat of pigs
and m the bresst ninseles and cegs of chickens of the contral anid fost groups, fed on
n-paraffin yeasts, indicates that Sd-benzopy. ene i present inoan aeount around 1 or
lexs than } pph (Table 13,

V. DPumcussion

1. Abont the problem of the toricity, The preliminary results from the present

feading experiments with yeasts from w-paruffin fermentation show thut petrayeasts
when taken at levels 10 to 1Y% do wot eaume specifie puthological changes in tested
pign and chickens, und <em to be quite hopeful to be used us a new proteinous feed.
staff. Of courne, further extensive feeding investigntions about chronie offects and
nutritive valuesrof the n-parsffin yensts must be carried ont and extended to longer
periods and more generations of test animale. The erude yeast from gus-0i) fermen-
tation in toxie, and it breomes noi-toxic ufter aleobolic extraction, The toxie substanee
ueemn te be diffienitly soluble in petroleum ether and eunily soluble jn sleohol, Other
wrien af experiments are now being earriedl ont to siudy the nature of the toxic nubs
tanve,
Resulte from toxicity experiments indiente that nibino rats, chicks and pign show
pereeptible differencen in the resputive to the toxicity of the preparations of potro.
yesstn. The wensitlvenems to the toxicity in in the following order: Dig>chieken>
nibing ryt.

2 Abowt the prodlem of ke technology of retroycast produetion. Although the
techuology of the prcluction of petroyeasts from w-paraffin scema simpler and more
reonomie in spite of the rroduction of a-paaraffin itwelf, the gasoil fermenintion
ean, hbawever, viekl net only protein-rich petroyensts, dnt aho dewaxed vils and othep
valauble byprodncts sweh an erpemterol, fatn ele, which may be isolated eanily from
the aleoholic ¢xtraety, Than the extrn eonts enune! by the additional defatting procews
muy be well bulunieed by the benefits of comprehensive utilization.

Therefore, which one of the two procesaes of petroyeast produetions i preferred in
better decided secording to the eonerete couditions of the countries or the regrions
votcerned. At prement, in ( ‘hann, the policy of * wulk on 1w legn’" in ndopted.

1. Abont the fatly acids of the test amimals. 1t in wurth while to point ont, that,
i an experiment with pign fed on €. tropicalic from w-puraffin there were found in the
udipuse timue of the temt animals lews liquid wnsatursted fatty aeids than the control
omen (Tuble 14), und, lereover, in the solid fatty acids, unmistakuble amounts of (',
and espeeially Cir-futty acids, which wery negliible in the controls. The R-puraffin ye.
sals contuin C.-and (,.-falty seids in its fats. The yeant from molamses i abvo low in liquid
wamsturated fatty acids. Pigs fod. on ® ration eontaining 23% of yeasta, cultivated in
3 Bvlasws medinn, yielded fatty acide alee low in liquid unsaturated fatty aeids, but
with 1w abnermal (,-and Cirmnturated fatty acids. (Tuble 14, Fign. 1, 2and 3). In
Ohe test group, in which the animubs were fed firt oh untreated petroyeusts, and af.
terwards whifted 1o the enstrul ration during the laxt twe months, the (y-uand C,,.
fotty wridw of the adiposr tismurs of thewe aminals decreused in amount remarkedly,
Thew results agree well with thos of some rarlier clumiral nutrition experiments
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with animals which show, besides the portion of speciesspecific glyeerides of the annnal,
the composition of the remaining body fats ix influenced by the enviromentul condi-
tious and ingested fodders. In wenernl the change ix reversible,

The question of the effeets of prologed feeding of  pefroyeasts on animals, how-

ever, remaing ‘o be answered by further studies,

Table 1
Compumitions of the molia for yonst fermentations of perokam
Comstitvents Propotiona Couatitacnty Propotionn
(NHe) 80, 2 Kg Znft)e 0.02 Kg
K¢ 3 Kg P, 2 Kg
NaCl 0.2 Kg 10 LY T
MnaO, .04 Kg n-Paruffin oW
MgBU, 1 Kg (or das0)il) {or 400 1)
P, 0.002 Kg
pH wun maintnined at 4.0-4.5 by ndding NHOU wolution.
Toble 2
A comparison of the protein contimts Con dry lasia) of priroyowts
with thow of some other foodstufts
Poot uffs Protein (%) , ¥ut (%) Ash (%)
Priroyaant® 65.54 2.44 4.43
Prtroyenst** 8.1 .16 4.30
Petraycant**® 53.67 1.12 8.68
Fid el 0.09 4.8 14.48
Noylwmn enle 44.64 540 5.9%
Paunut eake 48.28 5.0l 5.7
* (. tipulygticn eultivated on gueoil sl defattal,
** 0. lipoigtica of a differnt <tmin rultivnted on » paraffin and defattal.
0 trapicatia cultivated en symraffin uml defutied,
Table 3
Distributions of coontia) amine acids in the proteins of
petroyeant (€. lipolytica) and other foodetuffe
Amine aelde® Petroyast profein Fish nien) Moyhean enke Colton wed eake
Awgiaine b5 5.0 6.61 .58
Hintistine 2.08 1.w 2,84 v.682
Jaslcweine 4.M 4.43 4.6p 3.27
Lewtine 6.54 4.7 R.20 8.8%
Lgvine 6.48 5.70 2,81 4.40
Meathionine . -- - i
Phenynlanine 6,17 4.1 3.60 5.03
Threonine 583 4,25 4.0 3.73
Valine 6.45 5.% 4.98 4.2

* Tryptophane had not herm detenined.



Table ¢

The eompenitions of rutiomws for expesimental pige on ftesieity tewts

Ratiom for ted group
Foedut nfx - ——— Ration for Control group
1% 5%
Whent bean a0 k) 0
Riee brun 25 a1 E
Harley moal N 1.5 -]
Corn wenl 15 105 15
Petroywmst 19 25 ]
Moyivan enke 0 o 10
Total 100 e 100
Niune powder 2 2 4
n wbtition | — - RS S

Table Yt 0.5 .0 .5

Vagetahk« were given extr,

Table §

A emamarion of avemge dally conngmptions of the ratioms
Yy pigs daring the orperinenta) mried

Fxp. No. i i
. Petroyount **
Groupm l“,',?:".:“ Cuntro) - Control
- 10% 2%
| Quantity 1.5 1.4 2.0 2,08
Hotion | Cag!stny i) I - -«: 2,04 1.0
ron-amption ‘
; Perventage 6.8 1) 104 102 19
® €. lpagtica, enltivated on »joraffin and vxtractid with akohal,
1L lipiytion, trented with alkaline mumd akohoile extrnetions,
Table ¢
. The avernge diily ineronees of the body wight of ccperimenta)
Pi na toxicly bts for petroymnta
Ap Avernge Imily weight inevens
Exp. p Number Cin monthe) bady weight | Petroyest P pig
No, | Uroul | of pigs por P
Bart | Kl | oat et {ng) Kg Pororntoge
Tewt 5 4] 7 19.65 iy .42 m
’ -
Contrel ) 3 17 .25 0 0.28 7]
i} 17 11 43. 45 10%* 0.9 m
Tewt RA
u 5 ? 11 H.3: 2% 0.47 107
Control 5 7 1 44.00 Q 0.44 198
e J

* €. lipsigtica feom »- pamdtin defatssd Ly alevholie extraetion.
¢ € tipolwtion from » -paraffin trented with alkilim: nanl alkeobolic extmerions,
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Toble 7

Compasitionn of the dnek munrk letwien the wath wl wventh rite of rFrprrimventul
P+ anploge] for texwity tety on o paraffie rewt (€. hpniyowa),
preliminarily trembed with wbalime sl aleshol extractionm

tiroups Mawture (%) Prutein (%) Pt (%] Ak (%)
el e e e e e ——— e e i
Mtro; vt ¢ 10%) i4.87 31.93 1.7 (98 1
Tt -
Petrayenst (2% ) 14,40 2.n 1.42 1.13
Caetvel fe.82 -.. 1.68 1.2
“A‘ -
Yoble ¢
(w of mtions fur onguvinewntal chictwmm
. "~ ]
Warly poviet 1045 duggodt Lot pvind $6~13 dnggetd
Pt it Tadl mtion Toudd rution
Ciatrel mtion Cantenl mbion
] 3 '] 2
w ] = ] - » o
Mdew rivew ) - = » | = »
Rulbry awel 11 Y3 13 » » »
whnt benn 1 T 1 1 s s
Moytann ebe » . » ] [} »
Pob sl [ ] ] : s [ ]
Petvapmet » ™ ' ] ] » L
futa?® we e » e m w

* o adiition to Mg of awh of the alnw wtitee wore minel 6.5 hy twhie mit, 1.5 0y CallDy, 8.5 0g
Cal1i,, 4.26 g trwre chrmints snd soffiviont smeuntc of vitwmios A, B, D and shw vageiohim.

Tobie ¢

Avomge dnily (Csmanptions of the miions by chishene caring o copreimniel povied

AT

o

Ww PR
Numoher Dention Prirvymnt® Avngp
ronge bl
¢ - () (%) Jhrroyy el
Tost L ] W ”
comtrol 0 % 0 91

* €. lipslgtirn abtainet from »-guoaffin sl trated by slieline ol sbobulie extonetionn.
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Table 12
Efioet of ditforemt Pmiars taeionacte of PUUOSSIY o e rinaening phe in
et of mban commodine o Tandy weigght enaas

] .
Avenn: daily Wil sperme T pic \\'n'rr.g_-’ daily it
"ue par pig
Girow e e e
L Nurt T o
weighit weight | erinee ‘ “% Guantiny . %
(ka) M (hg) | )|
Gl SRS U IO e e e T L
» Poaraffim ywnat® '
o Y 241 T n f 4 5
(-.:m) 'Y } : L | 4] 1oy
‘ . '.. ] . i X T Tt
M(’.;g"' o) 8N ‘ R o 1w "
{1 7] H e - T
““"‘}% 26 o e e 1 Iw
Uontrol AR w. ; 041 ™ 1.53 oy
L

*C. repous from » et tin,
*% €. rupves from @ oil, tanted by ndkaline gl potroham cthwr oxtee iomm,
"% €. rugem from gussil, Ingtol hy ulkalise amwl nivaholie oxtretion,

Takle 13
3,4 - Brewsopyrene eontenty of experimntal ehickew pid P empiyal for
w-puenffin vt (€. Kipoltwtica) tods

—
A, 4-Hewsoprnme contents (pph)®
Gronpe thirken z Pork
Fax l Imedt ek Faun mz
Tt group (on: 1% retroyenst) U NEN I e 6.2 I 1.¢
Contrel oy 0.2 i 075 0 r 0.3
N i |

d 3, - Bameopyrene wan detrrrinal Berunling to the uwthel givew in J. A. 0, A €. . ‘..,.“

Table 44
Fifeet of yeamt-froling e the Bl ummmtuentad Bty neil robonts
of the adipme: thwae of eXpramninl pign

IR
Nuwher|  Senrt et i Vet Lipiil wmat prkln o o
Groupe of g of vxprriment tsbebnl Tuta) tatty ariche

pign | (montim) C(memilm) (®5) (%)

] 5 i + Puir joet® (25) a7.4

Yot H] 3 E +* Ptroy cmt® (33) 37.4
Grougm | 3 M 3 4 Mobusaw yiumt®® (25) 5.2
4 & 3 4 Mokveme yeut®*® (975) 5.9

Cantrol 5 E 4 " ..

* . trepieniia from » -pamffia.
®S €. tonpiculin from swinens,
0% Nar. evreriviie from mokwe,
& During the wrond dalf poried, the too pige wire whiifiend 16 the control mation,
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