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For many years we have vnduced tarar's yeasts and an
RNA-vich- yeast from woissses on 1 coumercial hasis. We
nave successiul v developed & unigue process of ceconomically

producane a n Parafiiy Year: {KANESROR, i

s

arge quantities
by combiniag most up tn-date chemical viplnesring technology
with a nesw fermentation technology develored un the btasis of
such an atundant experiencs in yveast nroduction. This
process has manv features | lhe continnous fermentation using
a urique air-Yift fermentor originaliv deveioped by us,
~fficient supnply of oxyveen, fine ditpersion of n-naraffin,
an excelient Jdrying svstenm, otc.

Resuits of fecding tests where NANEPRON produced was
fed to poultry, pigs and culturzd fisnes at the formulation
ratio of 5-15%, 5-10% and 3060 resvyectively have shown the
superiority of NANEPRON to conventional protein sources such
as soybean and fish neals with respect tc ¢rowth rate and
feed conversion. This superiority appesrs to consist in
go0d composition of KANPPRON,
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As repards the cofens of diLedun. Faod Lanitation
Investivation “ounc.t f M5 ¢y or tegity L Weltare of

Japar made the farpal annovoemear  hat EANEPRON was safe

€

enough te he used as 50 anian: foes

Further, cur teniaiivas o rooweion Cost has saown that
KANEPEON has wmore econom™ic advans yes tay comparable
products.

These techno-oconanl s sro e ytacs 2uebic s to draw the
conclusion that KAIFFeON o 2 wrepistg ‘nod protein source
cf superior qualit a ¢ Lalvt, tiusrefore tae amergence of
KANEPEOY could te o powcrto!l weans ¢f 4 s..ution to the
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A

We bave “or rsay years aradnced baker's ysasts and an
RNA-rich ycast, a raw naterisl for chenical seasonings, from
molasses on » coraercial busis, By eombining most up-to-
date chemical engineering teehnology with a new fermentation
technology developed on the basis of such abundant experience
in yeast production, wo have successfully developed a unique,
large-scale nrocess for producing a n-PFaraffin-Yeast
KANEPRON. This new process was examined from a viewpoint of
its coemmercial practicability. 1In addition, the product
produced by the procoss was subjected to comparative feeding
tests on pigs, pouitry, cultured fishes, etc., and safety and
nutritional quality tosts using various test animals sad
chemical analyses,.

Some techno-econonic dspccts of our new process and
product are discussed hereuncer.

I. nerawedxrin

On Dec. 19, 1970, the “cod Sanitation Investigation
Council of the Ministry of Health { Welfare of Jepan
snnounced a report eatitled 'On the safety of n-pavaffin-

Yoast as animal feed", which provides that n-paraffins as
Taw mpterisl must:

(a) be higher than 98 WTV in purity,




(b) not contain more thar 1.0 ppb of 3,4-benzpyrene,
1,2,5,6-dibenzanthracenc and 20 wmethy loavianthrene
respectively;

(c) pass the test of FiUA 121,1156 for food additives.

There are molecular sieve processes and urea processes
available for the production of n-paraffins. Representative
methods of the former are Isosiv process and Molex process,
wvhereas those of the latter are Nurex process and Edeleanu
process. n-Paraffins produced by the Isosiv process is
suitable for SCP production —— particularly with respect teo
the purity of n-paraffins and therefore the safety of n-
Paraffin-Yeast.

II. Process

A. Features of _he process

As mentioned above, we have developed a new process for
mass-production of yeast from n-paraffins. Features of the
process are summarizec as follows:

(a) Continuous production -—— production is carried
out in a continuous system throughout the process except the
step of seed culture, thereby ensuring high productivity and
uwniform properties of the product;

(b) Lfficient aeration —— gince hydrocarbon
fermentation involves high oxygen demands, effective supply

of oxygen is one of the critical parts of hydrocarbon
fermentation.

l



This problém has been overcome by daveIOping an efficient
aeration lhparatus *

'(¢) ‘Ecomomical heat removal - large amounts of heat
evolved by propagation anu metaboiism is economically
rembved t6 maintain an optimum tomperature of the broth 4n a
fermentor;

(4) Efficlient dispersion of n-paraffins -—- gn -
efficient system has been established by which n<paraffins
are breélesn up' finely into microdroplets ‘to thoroughly . !::
disperse in an ucquoous modium, thus accelerating: thd groﬁth
rate of yeus¢t; e
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(¢) Economical drying a’ large-scale, continuotis = -
drying system has been developed. I N
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In‘sddition to the technical features above, various
bio-endfddering problems have been solved, and it was
confiriéd that ecdhomical, arge-scale production of yédst
f¥Gh-A-piraffins is quite'feasible with due consideraticn =
of satisfactory n-paraffin based yield. productivity, ' = -
product quality, plant cost, etc.

B. Outline of the process
The p¥ocess outline is given in Figure I. The proccst
consists of raw msteriul and sdditives supply, seed culture;
fermentation, separation and dehydration, drying and prchtt
handling, utilitios supply, and wastawater treatment. '

‘ The vdw material is n-paraffin, and the additives dre
nitrogen source, various types of 1nor¢nni salts, trace
clcuents. and. an antifoam agont. ! ‘
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n-Paraffin and the additives are prepared in accordance with
their respective properties, and then supplied to the seed
vessel and fermentor. Features of this step consist in
continuous dissolution and sterilization of the nutrients.

Seed cultivation is carried out to obtain the necessary
amount of inoculum,

On completion of seed cultivation, the nutrients are
fed to the fermentor along with the required amowmt of
inoculum fros the seed vessel. Continuous fermentatiom
starts vhen the desired biomass concentration is attainmed.
The feed inputs and outputs are controlled for smooth aad
continuous operation. The yeast biomass produced by
continuous fermentation passes to separators, and the
‘acqueous medium is recycled to the fermentor. This
fermentation step is characterized by the employment of a
unique air-1ift fermentor which gives a satisfactory gas-
1iquid dispersion, a fine dispersion of paraffin-droplets;
and efficient heat removal; continuous fermentation which
ensures high yield factor and productivity; and the recycliag
of the acqueous medium for reuse.

The yeast milk obtained by the above spparation is
water-washed and condensed in another separation step and
dehydrated, The dehydrated yeast is sent to a drying step
to give the product. The drying system is continuous,
high cepacity snd easy to operate. and maintain, The
product is stored in silos to be ready for shipment as the
end product. '

The utilities supply includes supply of fermentation air,
cooling water, process water, steam and electric power.

Features are the sterilization of air by adigbatic compression,
and deodorization of vented fermentation air by combustion.

IIIIIIIIIIIIIIIIIIIIIJ




i e R P i S . 3 il

Wastewater is treated Dy a cCoiliuation of coagulation-
precipitation method snd activated «1idoa metiod to attain a
reduced COD, oils and suspended solids. Impurities
eliminated as sludge are denhvdrated and then incinerated.

C. Alr-1ift fermentor

As compared with the conventional carbohydrate
fermentation, the hydrocarbon fermentation has such factors
as sparing solubility of the substrate, high oxygen demands,
large heat evolution, etc., which therefore present special
bio-onginooring problems.

In view of these factors, the design of fermentor for
hydrocarbon fermentation must meet such requirements as to
allow efficient supply of large amount of oxygen to the
fermentor and sufficient dispersion of the oil-droplets into
the acqueous medium for attaining good growth rate of the
yeast.

The ~onventional agitate ' fermentor cou'd be used for a
small working volume of nydrocarbon fermentation, but with a
large amount of working volume this type of fermentor would
not be suitable for the hydrocarbon fermentation on accouat
of economic disadvantages of the bulkiness of the agitator
and big power requirement for mechanical agitation, in
addition to mechanical and complex structursl problems
associated with mechanical strength of the fermentor and
agitator, installation of agitator, etc, For these reasoas,
the necessity of development of a new type of fermentor has
been stressed which would be different from the conventional
pPatterns and could meet the requirements of large-scale
hydrocarbon fermentation.




Since cver a decade ago, we have been involved in
intensive studies on ui. [ilt feruentu.., u2d successfully
developed a naw rcic-1ift design which is suitable for
large-scale production of Livuuss _rom Lhydrocabons, A
simplified schematic represantation of the fermentor is givea
in Figure I1.

Air is blown dispersedly into the termentor from sn
ajir-dispersion apparatus equipped at tiie lower end of the
primery Lody, thereby increasing oxygen transfer rate. The
broth containing micrc air-bubbles is forced to move
upwardly at a high velocity ir the primary body by the air-
lift effect, and the broth is deaerated in a separating
chamber located at the upper c¢nd of the fermentor, and thenm
the broth is sllowed to flow back to the bottom of the
fermentor through the circulatory tube, thus causing s more
thorough breakup of air-bubbles and paraffin droplets.

Thus, slmost thorough homogenization of the broth is attsined
thanks to the circulation of the brot! between the primary
body and the circulntory tube.

As regards the oxygen supply, the fermentor is designed
in such & manner that gas-liquid interfacial area can be
incressed by the fine dispersion of air into the medium ORd,
st the same time, the partial pressure of oxygen be slsoe
increased by making the liquid depth sufficiently high, thus
raising the oxygen transfer rate.

II]. End product

A, Quality |
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Table 1. shows an example of analysis of YANLPRON on
main components, minerals composition, amino acids
composition and vitamins, Table 2. shows an example of the
result of nutritional tests on KANLPRON.

B. Safety

In Japan, the Committee on n-Paraffin-Yeast under the
Feod Samnitaion Investigation Council of the Ministry of
Health §{ Welfare demonstrated the viewpoints and methods
confirmation of safety of the n-Paraffin-Yeast in the
Committee's report entitled "On the safety of n-Paraffin-

Yeast as an animal feed”, in which the following subjects
came into question:

for

{) Carcinogenic substances of polycyclic aromatic
hydrocarbon compounds and heavy metals contained both in n-

paraffins as the raw material and in constituents of culture
nedium;

i1) Unknown toxic substances which might be contained
in n-paraffins as the raw material;

114) Mycotoxins which night be produced by microorganisms:

The Committee arrived at a consensus of opinion on these
subjects and established methods for confirmation of safety
on the basis of the following comsiderations:

1) Chemical tests and toxicity tests themselves may,
in theory, be authentic as WMeans to examine the safety of
®eat, milk and the others of animals fed with feeds
containing n-Paraffin-Yeast. Apart from chemical tests,
however, it is technically very difficult to carry out
toxicity tests on such meat, milk and the others.




Furthernore, data tc be obtained from detailed tests on the
strain used, living cclls, brothk filtrated and final product
may be more useful than those to be obtained from toxicity
tests on such animal products,

ii) It is possible to determine the presence of any known
carcinogenic substances of polycyclic aromatic hydrocarbon
compounds and hcavy mectals in terms of clicmical means.

ii1i) It is possible to detecrmine thc presence of any
known mycotoxins by chemical and biological mcans.

iv) There is no effective method at present other than
toxicity tests by biological means to dectermine the presence
of any unknown toxic substances which might be contained in
n-paraffins or unknown mycotoxins.

The test serics entailed by the Committec in the report
are classified into 6 chapters with 22 items as given in
Appendix.

We conducted various safety tests in accordance with the
methods entailed by the Conmittee, and submitted the Committee
a report, "On the safety of KANEPRON'" consisting of over 1200
pages.

The Committee conducted very carcful deliberation and
examination on the report and materials submitted by us, in
accordance with the above-mentioncd viewpoints and methods,
and obtained the following viewpoints;

i) The strain to be uscd has neither pathogenicity nor
infectivity, and no main known mycotoxins are detected both
in living cells and in bLroth filtrate by chcmical and
biological means.




1i1) n-Paraffins uscd as the raw material have a purity
of more than 98 per cent, and do not contain more than 1.0

ppb of 3,4-benzpyrene, 1,2;S,6-dibcnzauthracene. or 20-
methylcholanthrene.

iii) No recongnizable toxicity is detected in the scute
and subacute toxicity tests on living cells, broth filtrate,
and their extracts, and in chronic toxicity tests including
carcinogenecity and multiple generation tests on the product .

iv) In chemical tests it is recognized that any harmful
substances of polycyclic aromatic hydrocarbons and heavy
métals are not contained, in a concentrated form, in the meat

and milk, egg and others of livestock, poultry, fishes fed
on the product as a feed.

Finally, on Dec. 1§, 1972, the Food Sanitation
Investigation Council under the Ministry of Health § Welfare

made an official announcement that KANEPRON is safe enough to
be used as animal. feed, '

C. Feeding tests

Comparative fceding tests were carried out on pigs,
poultry, cultured fishes, etc. using KANEPRON and the
conventionally available protein sources like fish meal and
soybean meal. The results of these tests have shown that
KANEPRON 1s better than or odual to the comparable

conventional products with respect to growth rate and feed
conversion.

Soni'exanples of the test procedures and results are
given below.




(a) Broiler
Procedure:

In order to comparc the effect on growth rate and feed
conversion of KANLPRON as a protein source for fecd with
that of fish meal and soybean meal, KAGLPRON was administered
to two major groups of broilers in the incorporation of S%
and 208 in the feed as shown in Table 3. T.e effect of the
feed form -powder or psranular- was also studied.

One group was fed on powder KANLPRON during the whele
test-period, while the other was fed on powder KAMEPRON
during the first half period, and on granular KANLPRON
during the socond half.

Result:

Table 5. shows that the KANEPRON greups were better
than the control in weight gain and feed conversion, and
that the grarular form was move r(ficient than the powder
form.

(b) Layer
Procedure;

Five groups consistinp of 30 lii-Line layers esch were
adminstered with differeat types of fcods for 22 weeks,
The imcorporation of KANLPRON in the feed wss in the range of
S - 13% (Table 6). The number of eggs produccd and the egg

weights were recorded every day, while the feed consumption
was recorded every 4 woeks




Results:

1) Though the numher of epps nroduced per 100 hen-day
of the KANEPRON groups during the first four weecks was less
than that of thce control, fro» the Sth week on, the KANEPRON
groups showed bettur results (lable %),

11) Lgg weights and feed conversions of the KANEPRON
gToups were much better than those of the control group
(Table 8).

1ii) The 6% group (group 3) showed the most outstanding
results with respect to egg production per 100 hen-day, ogg
weight, and feed conversion.

iv) Mortality during the 22 weeks was about the sane
(Table 7).

v) Lkggs of the KANEPKUN groups were similar to the
coamonly marketed eggs in taste, color and smell.

(c) Pig
Procedure:

In order to test the nutritiomal effect and safety of

KANLKPRON, fish o941 and soybean seal in feeds for pigs were

replaced by meximum pessible smount of KANEPRUN (230 {a the
first stage and 178 ia the Second stage) as showa in Table 9.
The foeding tests were coenducted on 6-weel old pigs until they
reached 90 kg at marketing time.

Result:




weight pain and {eud conversivic of the test group were
better than thosc of *te¢ contros eroun dur‘ng tne whole test
period (Fig. I1! & Table 1C }.

(d) Carp

Procedure:

As a protein sourcc for carp's (eecd, KANEPRON was tested i
comparatively with fishmeul. One year old carp were fed ia |
net crawls for 115 days on different kinds of feeds. The
incorporation of KANLPRON in the feed ranged from 15 to 7S%
as shown in Table il. C(Calculated analysis of each feed is
shown in Table 12. All the feeds were sdministered in @ %
pellet form every day. The body weights and feed
consumptions were recorde! every two weels,

Results:

1) The 30% KANLPRON group showed the most outstandiag '
result. Bdy weights and fced efficiency of the groups fed '
on less than 60% KANLPRuN-Lased teeds, were better tham those
of the control as shown iun lable 13,

11) Protein efficiency of the XANEPRON groups was higher L
than that of the contvol as shown in Table 13,

i14) The KANEPRON groups showed better feed consumption;
indicating that KANEPRON is of better palatability.

iv) Carp fed on KANEVRON based feoc were of better taste,
teaderness ancd colour; this indi:ates that KANEPRON is @
dosirsble protein source for carp.




(e¢) Lels

Procedure:

Twenty gram welghing yearling ecls were frod in an outdoor
concreat pool (weter temparature. 2% - 249C, pii. 7.81) for 77
days with feeds based on KANEPRON, fish meal, sulfite waste
liquor and beer yeusts. Incorporation of KANEPRON in the
feeds was 35% as shown in Table 14, Calculated analysis of
esch feed is shown in Table 15, The body weights were
recoerded cvery 2 - 3 weeks. Amount of the daily ration was
about 2% of the totai cels weight. llealth conditions of the
eels were indicated by the llematocrite valuc.

Result:

1) No noticeable Aiffcrence in growth rate and feed
efficiency was observed among all the groups (Table 16.).

1) With respect to Hematocrite value, the KANEPRON group
was bettor than the ather grours (Tuble 16.).

111) This test showed that KANEPRON is a suitabie protein
source for ceis.

(f) Rainbow *rout

As & protein source tor rainbow trout, KANEPRON was
compared with fish meal. At the same time, effect of
scthionine added to the feed was also studied. 150 g
weighing trout were bred for a period of 280 days. The
incorporation of KANLPRON in the feed was S2% for both group

2 and group 3 as shown in Table 17. The feod for group 3
was added methionine in the incorporation of 0.8%. Lach

group consisted of about 100 trout. Feed was administered
twice a day.

The body weights wore measured every two weeks.




Result:

1) The KANLPRON proups showed better weight gain aad

feed conversion in the latter hall period as shown in
Table 20,

11) No noticeable effect of methionine on growth rate
was observed as far as this test was concerned.

1i4) No recognizable difference was noted between trout
fod on KANEPRON based feeds and the commonly marked one with
regard to color, taste and smell.

IV. Plant investmont cost and production cost

Estimated plant investment cost and production cost of
KANEPRON based on 100,000 tons per annum are given in Table
1.

V. Conclusion

The techno-economic aspects discussed in the preceding
chapters regarding our newly-developed n-Paraffin-Yeast
~KANBPRON- are summarized as follows:

(a) The process is a large-scale and continuous one
whtch is characterized by efficient system of oxygen supply,
efficlent dispersion of n-paraffins, economical heat removal
system and excellont drying system.
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(b) The product is of uniform quality, and can be
supplied stoadily in large quantities at a stable price.

(¢) The results of feeding tests have shown that KANEPRON
is better than or equal to the comparable products such as
fish meal and soybean meal with respect to growth rate and
feed conversion.

(d) As regards the safety of KANEPRON, the Food
Sanitation Investigation Council of the Ministry of Health &
Welfare of Japan made an official announcement that KANEPRON
is safe enough to be used as animal feed.




Table 1. Analysis of the product

Main components
(Percontage, dry base)

Moisture

Crude protein

Crude fat
Crude fiber
Crude ash

4.5
61.0
3.2
4.2
9.8

————— ey vor. e

Minerals composition
(Percentage, dry base)

Phosphorus (P,0g)

Potassium
Magnesium
Calsium
Zinc

Iron

(K)

(Mg)
(Ca)
(Zn)
(Fe)

5.3
1.9
0.25
0.0§
0.06
0.04

(to be continued)




Table 1.
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Analysis of the product
(=~ntinued)

Amino acids composition
(Percentage, dry base)

6.13 Methionine

Aspartic acid 0.60
Threonine 3.28 Isoleucine 2.09
Serine 2.84 Leucine 4.46
Glutanic acid 8.54 Tyrosine 1.49
Proline 2.54 Phenylalanine 2.46
Glycine 2.81 Tryptophan 0.90
Alanine 3.64 Lysine 4.57
Cystine 0.87 Histidine 1.01
Valine 3.3 Arginine 3.92
Vitamins
(Dry ba:.s)

Vitamin E 147 ng/kg

Thismine 13 ng/kg

Riboflavin 77 ng/kg

Pyridoxine 11  ag/kg

Pentothenic acid 335 ‘g/kg

Niacin 534 mg/kg

Choline 0.50 ¢

Inositol 0.59 )

Vitamin B3y, 0,41  mg/kg

Biotin 1.1 ng/kg

Folic acid 5.9 ng/kg




Table 2, Nutritirna' waluse

Protein digestion rate

(Percentage)
Pig 88.35 - 09.3
Carp 5.4
Eel 1.6
Metabolizable energy
(Calorie per gram)
Chick 3.15 - 3.3
Layer 5.48 - 4. 00
Digestible energy
(Calorie per gram)
Piglet 4.16
Swine 4.5%

- - -~ QU—




Table 3. Composition of the feeds
(Percentage)
Period 0-3rd Week 4-9th Week
Group 1,2 S,4 5,6 1.2 3.4 5,6
Corn 43 43 43 40 40 40
M1lo 18 18 15 23 23 23
Soybean meal 26 22 10 22 18 6
Pishmesl 8 7 4 7 6 3
Kanepren - S 20 - .1 20
Soybean o011 1.8 1.5 1.8 3 3 3
Alfalfe 3 3 3 2 2 2
CaCOy 1.66 1.66 1.66 1.25 1.25 1.25%
CaHPO, 0.70 0.70 0,70 0.65 0.65 0.6%
NaCl 0.22 0.2z 0.22 0.20 0,22 0.22
Msthionine 0.20 0.:0 0.20 n.20 0,20 0.20
Vitemins A, D § E 0.10 0.10 0.10 0,10 0.10 0.10
Vitamin B group 0.2% 0.28 0.2 0.25 0.25 0.2%
Choline Chloride 0.08 0.05 0,08 0.05 0.05 0.0§
Minerals 0.08 0.05 0.05 0.05 0.05 0.05
Furazolidone 0.10 0.10 0.10 0.10 0.10 0.10
Amprolium 0.12 0.12 0.12 o0.10 0.10 0.10
Antibiotics n.08 0.05 0.08 0,05 0.05 0.0%
Note:. Poder --- group 1, 3, §

Granular --- group 2, 4, 6




Table 4. Chemical analysis of the feeds

(Percentage)

Group 1,2 3,4 5,6

Week 0-3 4-9 0-3 4-9 0-3 4-9
Moisture 12.59 13.11 12.43 12.84 12.14 12,31
Crude protein 20,09 20.92 23.19 20.93 21.67 21.80
Crude fat 4.97 5.96 5.61 6.25 S.04 6.63
Crude fiber 2.74 2,64 2.42 2.49 2.85 2.44
Crude ash 6.55 S.53 6.48 S5.61 6.24 85.51

NFE $1.06 51.84 49,87 51.A8 52.06 S1.61
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Table ¢. (ompositien ot the feecs

('ercentu;e)

Grouwp 1 2 3 ¢
Soybesn meal 18 0 ? 18
Fish meal 6 6 6 0
Kanepren 0 13 ) )

Table 7. Mortality duriag 2 weehs

(Fercentage)
Group i 2 b 4
Mertality 1.3 3.3 6.6 0




lable 8. Lyggs prodwed per 100G ben -gay
o weipght and feed Lonversion

!
|
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: Tggs ner “ga welphe  tead per Feed
Neeks (Crewp 100 hen days (grams) hen-day (qrams)conversion
] 7%.1 %4.9 106 .2 .47
2 n. cA.7 iny. o0 2.45
1-4 3 71.% 61,2 102.9 2.3
4 2.7 60.3 169.1 .49
S 63.8 61.4 104. 4 2.67
| 66."7 60,3 110,98 1.7
; d 66." h9.9 102.8 2.56
$-8 3 08,7 6?0 1781 2.51
4 6.8 61.8 112.5 2.61
g Ay 4 62.n 108.1 2.63%
1 62,0 61.1 9.5 2.60
2 "‘.R 0“.5 9(;.5 2.‘6
9-12 3 71.% 62.6 9.4 2.1
4 67.% 51,6 100.6 2.4%
) nd. 4 63.3 96.3 2,38
1 £7.0 61.0 n6.7 z.7
2 6n.% 60,9 37,2 2.59
13-16 3 tn.6 62.7 9%,0 2.88
4 $7.4 61.7 98,6 2,70
L] $9.4 62.8 6.2 2.58
| 49.6 61.5 100.9 .
2 S4.6 6 .6 92.5§ .18
17-20 | $8.° I | 7.6 2.61
4 én.1 64.0 101.0 2,63
S $8.5 64.4 98.4 2.61
1 2.0 62.0 97.0 3.01
2 $2.7 62.8 R9.7 N
1-2 3 $7.7 64.8 105.0 2.81
4 £?2.0 6S.2 109.§ 2.9%
L] $3.9 66.? 102.2 2.86
| 60.9 60.6 102.2 .M
2 62.7 60.4 97.3 2.57
0-12 | 68.4 62.8 101.3 2.47
4 64.8 62.1 104.3 2.59
$ 61.2 63.2 100.4 2.60




Table 9,

- 26 -

Composition and chemical
analysis of the [ecds

(Percentage)

— s s W

1st period (a)

ind period (V)

Ingredients Control Cxperimental Contrel Experimental
Corn 63.7 63.4 67.7 67.5
Dried skim milk 4 4 - -
Defatted rice bran - - 8 ]
Glucose ? ? S S
Soybean meatl 17 - 13 -
White fishmeal ( - 4 -
Kanepron - 23 - 17
CaCOy 0. 1.5 v.$ 1.4
CaliP0O, 1. - 0.8 .
Salt 0. ). S 0.$ 0.§
Vitanins § Minerals . .S 0.8 0.§
Methiomine - . - 0.1
Moisture 12.43 11.38 11.24 11.33
Crude protein 21.06 19. %9 16. 34 16.48
Crude fat 5.3 3.4 3.45 3.90
Crude fiber 1.82 2.44 3.9 3.58
Crude ash 5.38 4.94 4.00 4,73

(a) 7-11 weeks of ape
(b) 12-31 weeks of age
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Table 11. Composition of the feeds

(Percentage)
Group 1 2 3 4 S ¢
Fish meal 50 40 30 20 10 0
Kanepron 0 15 30 485 60 7%
W¥heat flour 4 39 34 29 24 19
Vitamins 1 1 1 1 1 1
Feed o011l $ 5 S S S S
Total 100 160 100 100 100 100

v - - a—
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Table 12. Calculated analysis of the feeds
(Percentage)

Growp 1 2 3 4 L 6

Mofisture 12.39 11.80 11.65 10.71 10.5§ 10.88
Crude protedn 44.05  42.91 43.2¢ 42.97 43.08 47.77
Crude fat §.35 5.04 5.10 §.30 $.52 5.09

Crude ash 10.02 9.19 8.62 7.68 7.32 6.96
Crude fider 1.8 2.51 3.20 3.06 2.1 4.52
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Weight of curp and fecd efficiency

efficiency (%)

e S NP,

Table 13,
- - S
iunber of carp 0 383 38;
0 381 374
57 374 364
86 356 356
: 115 346 349
$unber of dead
] carp 37 35
Yody weight of
§ dead carp(kg) 8.5 8.1
otal body
weight (kg) 0 38.0 38.0
30 62.6 65.8
57 92.7 106.4
86 114.8 141.7
L 115 122.2 157.0
$lotal weight
8gin(kg) 92.7 127.1
verage body
ieight (g) 0 99.2 99,0
30 164.5 176.0
57 248.0 292.0
86 322.5 398.0
115 354.0 449,35
sad e
consumpt ion (kg) 135.7 153.6
feed
efficiency($) 68.3 82.7
TetEic 163.7 203.7

3 A

395
350
383
374
303

389
381
366
358

32 33

8.1 6.7

WA e s e e e o

38.0 38.0

67.5 69.6
113.2 114.5
155.9 150.4
174.1 168.0

144.2 ‘8.6

-t my . seemt e

96.2 97.2

173.0 179.0
296.0 300.5
416.5 411.0
480.0 4469.5

[ T - -

161.6 161.6

89.2 85.8

219.7 212.2

- Ce e e e e o e

1

400

399
389
380
371

29

6.7

38.0

65.0
98.0
127.7
142.5

111.2

95.0

163.0
252.0
336.0
384.0

146'9
75.17

187.2

409
407
404
399
395

14

2.9

38.0

58,5
88.5
112.2
125.7

90.6

93.0

143.9
219.0
281.5

318.0

135.1

67.0

166.7

cem it cmvmm. - - e Cee e e




-Table 14, Composition of the feeds
(Percentage)

Group

Fish meal

X-starch

Vitamin mix

Sulfite waste liq. yeat
Beer yeast

Kanepron

Table 15. Calculated analysis of the feeds
(Percentage)

——

1

Moisture
Crude protein
Crude fat
Crude fiber
Crude ash
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Table 16. Average weight of eels
and feed efficiency
Experimental .

period Group 1 2 3 4

Initial Number 129 135 121 129

Final 129 135 121 129

Number of dead eels 0 0 0 0
1 - 26 Av. weight (g) Initial 23.3 22.2 24.8 23.%
Final 31.6 29.7 30.6 31.4
Av. weight gain 8.3 7.5 5.8 8.1

Feed efficiency (%) 96 00 62 04

Initial Number 78 73 77 74

Final 78 73 76 74

Number of decad eels 0 n 0 0
27 - 43 Av. weight (g) Initial 40.0 41.1 139.9 40.5
Final 54.0 54.9 51.7 54.7
Av. weight gain 14.0 13.8 12.7 14.2

Feed efficiency (%) 102 98 920 102

Initial Number 74 72 73 72

Final 74 72 73 71

Number of dead eels 0 0 0 1
A4 - 77 Av. weight (g) Initial 60.6 61.6 59.6 61.8
Final 74.6 78.2 4.6 79.1
Av. weight gain 14.0 16.6 15.0 17.3

Feed efficiency (%) 60 67 63 65
Hematocrit value (%) 25.8 11.4 19.8 27.8
Serum protein (%) 9.7 7.3 9.8 8.8




Table 17. Composition of the feeds

(Percentage)

Group 1 2 3
Fish meal 64.0 26.0 26.0
Kanepron 0 52.0 52.0
N -starch 15.0 15.0 14,2
O -starch 14,0 0 0
Vitamin mixture 2.0 2.0 2.0
Methionine 0 0 0.8
Feed oil 3.0 3.0 3.0

Teble 18. Calculated an.iysis of the feeds

(Percentage;

Group 1 2 3
Moisture 10,19 7.21 7.19
Crude protein 4,73 46,12 46.87
Crude fat .53 3.78 4.12
Crude fiber .26 2,68 2.61
Crude ash 7.14 2.60 8.59
N.F.E. 3¢,15 31,61 30.62




Table 19. Average body weight (Gram)

42 84 126 154

Group
1 151.8 194.4  237.5 283.2 318.6
2 153.1 192.6 232.2 2R4.0 320.0
3 150.0 180.9  22R.8 276.0 311.¢0
Selection
Nays
154 190 238 289
(iroup
1 354.8 430.6 519.4 632.1
2 379.3 468 .8 579.8 715.5

3 36n0.7 446,7 550.% 686.1




—
Table 20. Average wecight gain
and feed co.iversion
Days Group i‘ééd consumption Weight gain Feed
conversion
(2) (g)
0 1 09.22 43.1 1.60
| 2 63.39 30.5 1.60
42 3 65.54 39,9 1.64
43 1 | 66.99 43.1 1.55
| 2 66,18 39.6 1.67
84 3 65.57 38.9 1.69
8s 1 81.22 45.7 1.78
| 2 90.72 51.8 1.75
126 3 84.96 47.2 1.80
127 1 65.65 35.4 1.85
| 2 66.31 36.0 1.84
154 3 64.87 35.6 1.82
Selection
155 1 136.77 75.8 1.80
| 3 147.51 89.5 1.65
196 3 155,68 86.0 1.81
197 1 178.54 . 88.8 2.01
| 2 190,39 111.0 1.72
238 3 202.04 104.1 1.94
239 1 197.12 112.7 1.75
| 2 210,85 135.7 1.5%
280 3 207.53 135.3 1.53
0 1 795.52 444 .4 1.79
| 2 834,99 503.1 1.66
280 3 846,19 487.0 1.74




Table 21. Lstimateq plant investment
cost and production cost
(Yen, Japan base, 1973)

(8) Battery-limit plant investment costl
for a 100,000 tpa plant:

7,500 million Yen 1

(b) Production cost (Yen per ton):

n-Paraffins 17,300
Additives 11,000
Utilities ’ 14,000
Packaging 1,000
Taxes § insurance 1,500
Labor | 700
Plant overheoad 700
Maintenance § plant supplies 1,500
Depreciation ' j | 6,800
Total production cost 54,500

- -———e - m———

1/ T™e Foll .wing items are excluded from the ¢ st; wiater-treatment
tacilities, boiler, p.wér sLaton, waste-water-treatment faeilities,
fire-fighting facilities, maintenance r. my ~ffice, ware L .use, temp rary
facilities, ete,







Figure II. Simplified schematic representation

of air-1if¢ fermentor
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Figure TI7. Growth Cu ve of Pigs

o— !lnrinn tal
g === Centrol

¥ Growth Standard

100

wr

8

s |

‘° -

0

18 F

PN NP Y S WP | S P P | PP SN N

$ 10} 15 20 2 30

Change of the feed Week




Appendix

A. Strain (microorganisms used for the

production of
n-Paraffin-Yesst)

(a) Microbjological studies on morphological and
biological properties

(b) Mutability

(c) Infectivity

B. Raw material (culture medium includiag n-paraffin)
(a) Polycyclic aromatic hydrocarbons

(b) lleavy metals

C. Living cells (living cells at the stage of naxinum
growth in one cycle of the process of productien)

(a) Polycyclic aromatic hydrocarbons

(b) lieavy metals

(¢) Mycotexins

(d) Toxicity tests

D. Broth filtrate (broth filtrate collected at the stage

of maximum growth of microorganisas in one cycle of the
pProcess of production)




(a)

Polycyclic aromatic hydrocarbons

(b) lieavy metals {
(c) Mycotoxins

(d) Toxicity tests

E. The product (the product to be used as animal feed
after the process of production)

(a) Living cells in the product
(b) Polycyclic aromatic hydrocarbons
(c) Heavy metals

(d) Mycotoxins (This test is not needed if no mycotoxin
is detected both in the 1living cells and in the broth filtrate.)

(e) Toxicity tests

(f) Multiple generation test

F. Meat and milk and the others (meat, eggs, milk, and
other edibles from domestic animals, poultry and fishes fed
with the product as feed.)

(a) Polycyclic aromatic hydrocarbons

(b) lieavy metals

(c) Mycotoxins (This test is not needed if no mycotoxin
is detected both in the living cells and in the broth filtrate.)







