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N IBBY\E'CECUTNE doc 

EXECUTIVE SUMMARY 

HIGH VITAMIN B12 VEGETARIAN DIETS BY MIXED FERMENTATION 

The project aIms to develop the process for producmg the novel and vltamm B12 nch 

vegetarian diets from soybeans The products could be used among the group of vegetanans 

as well as the low-mcome, low-protem consummg people m order to prevent vltamm B12 

deficiency 

E'{penments were conducted m the last phase (March 31, 1998-February 28,1999) 

(1) Fimshed product development (2) Food formulatIOn and (3) Sensory evaluatIOn by ThaI 

group whereas those on NutntIOnal and TOxIcologIcal evaluatIOns were studied by Israel 

group (professor Dr Anch Gertler group) 

Products denved from selected Process C and Process F(which centammg vitamm B12 

about 300 ng per 100 g wet baSIS) were used for fimshed product development (FPD) It IS 

found out that the FPD could be done m 3 ways (I) the dIrect uses of fermented soybean 

product as hIgh vitamm B12 soy sandWich or soy-salads (n) Uses of fresh hIgh vitamm Bl2 

soybean masses as soymIlk, soy-soup, tofu or soy-kapi (m) IndIrect uses of fermented masses 

as soy powder by spray drymg techmque The spray dned powder could serve as soy-soup or 

soy-mIlk Food formulatIOn IS needed to meet consumer acceptance Sensory evaluatIOn of 

the mam product have been carned out 

Kasetsart Uruversity through Dr B Yongsmith have gIven the firushed products 

matenals to Professor Dr A Gertler smce October 1997 Both groups are commumcated 

regardlmg project progress and dIrectIOn Dr B Yongsmith and Dr W Krusong VISited the 

project consultant, Professor Dl K H Steinkraus at Cornell Umverslty m November 1998 

Professor SteInkraus ViSited Kasetsart Uruverslty, discussed the expenmental results and gave 

advices for wntmg up the final report m early 1999 
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SectIOn I 

A) Research ObjectIves 

The overall aim of tlus project IS to develop a process for producmg the novel and 

vitarmn B 12 nch vegetanan dIets Tlus project also aims to prevent vitamm B 12 among 

vegetanans and the group of low mcome, low protem consummg people 

The expenments conducted from March 31, 1998 to February 28, 1999 were deSigned 

as follows 

1) F1lllshed product development 

2) Food formulatIOns 

3) Sensory evaluatIOn 

4) NutntIOnal study 

5) TOXICIty study 

Expenments numbenng (1), (2), (3) were conducted by Thai group (led by Dr 

Busaba YongsmIth) and those of (4) and (5) were conducted by Israel group (led by Professor 

Dr Anch Gertler) 

B) Research AccomplIshments 

Our plan IS to study the feasIbIlIty of usmg mIxed cultures of lactIc aCId bactena and 

for prOpIOnIC aCId bactena to be mcorporated m the traditIOnal tempe or thua nao preparatIOn 

These mnovative process are expected to produce an acceptable novel hIgh vitamIll B 12 

vegetarIan diets that wIll be sUltable for rural poor m term of economIcal, practIcal and 

sImple applIcatIOn 

The project IS dIVIded mto major phases as follows 

Phase I Culture preparatIOn and selectIOn of process vanables appbcable to soybean 

substrate 

Phase II OptnmzatIOn of the process and scalmg up 

Phase III Product development and evaluatIOn 

ThIs annual report IS covenng the expenments of Phase III Some of these 

expenmental results are shown m Management Report III and thIs report of Table 1-4 and 

(Fig 1) 

FIg 1 showed the mass balance m the productIOn of product from Process C prepared 

III the tray With 2 cm thIckness of soybean mass and covered With perforated alummum foIl 

was calculated and showed that the total solIds loss was 30 14% dunng the processmg step 
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Soybeans 

Dehullmg 

SoakIng 

Drymg 

StenlIzatIon 

FermentatIOn 

Fresh tempeh 

Veld 
(%) 

1,000 

75 (hulls) 

1,770 

1,485 

1,448 

691 
Total 

SolId loss 
(5 dry basIs) 

762 

1298 

1 61 

209 

FIg I Mass balances m productIOn of product from Process C at optImum condItIOns at 

bench scale after 24 hrs fermentatIOn 

Table 1 showed changes m pH, soluble carbohydrate, vItamm Bl2 and total aCIdIty m 

product from Process C dunng fermentatIOn Tempe mold alone can mcrease pH of soybean 

from 6 3 to 7 6 wIth ammoma accumulatIon But the Process C where propiomc aCId bactena 

mcluded, the pH IS 6 1-6 6 and deammatIOn of ammo aCId was reduced The total aCIdIty 

gradually mcreased due to the mcrease m carbohydrate degradatIOn products used as 

substrate for aCId productIOn It was also observed that vItamm B12 m the product was 

produced rapIdly m 24 hrs and then slIghtly mcreased m 48 hrs ThIS may be due to the 

rapId growth of propWillc aCId bactena after 24 hrs of mcubatIOn 

Table 2 showed changes m chemIcal composItIOns m product of Process C dunng 

fermentatIOn These was an mcrease of protem and fat contents due to the decompOSItIOn of 

the carbolydrate and mcrease m mold mycelIa 

Eventhough the soymilk product denved from Process Chad mfenor charactenstIcs 

to a commercial soyrrulk (Table 3) but It contamed more soluble protem and vitamm B12 

than that of commercIal soymilk (Table 4) 
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Table 1 Changes m pH, soluble carbohydrate, vItamm B12 and total aCIdIty of product from 
Process C dunng fermentatIOn 

FermentatIOn PH Soluble Carbohydratel1J VitammB 12 Total ACIdIty 
Hour (g/lOOg) (ng/100g) (%) 

0 63 1534 360 a 078 b 
24 66 1753 3040 a 106 b 
48 62 1563 3084 a 1 51 b 
72 62 1488 3076 a 244 a 
96 6 1 1471 3028 a 1 31 b 

Table 2 ProxImate analYSIS of product of Process C dunng fermentatIOn (dry weIght baSIS) 

FermentatIOn MOisture Protem Fat Ash Carbohydrate 
(%) (%) (%) (%) (% by dIfference) 

0 33 bc 463 a 201 b 29a 274 a 
24 23d 474 a 223 b 3 1 a 240 a 
48 28 cd 496 a 261 a 35a 180 b 
72 42 ab 494 a 264 a 36a 164 b 
96 47a 483 a 284 a 37a 149 b 

Means of three replIcatIOns means m the same column followed by the same letters are not 
sIgmficantly dIfferent at 5% by DMRT 

Table 3 Sensory evaluatIOn of soy mIlk product denved from Process C 

Sample Charactenstics 
Odor Color Te'(ture AcceptabIlIty 

A commercIal soymilk 628 a 596 660 a 656 a 
Soymilk from Process C 536 b 588 568 b 596 b 

Table 4 NutntIOnal value of soymilk 

Sample Total protem a ammomtrogen Vitarmn BI2 
(%) (gil) (ngIlOOml) 

A commercIal soynulk 278 b 287 b 00 
Soymllk from Process C 347 a 350 a 36 1 

Means of three replIcatIOns means m the same column followed by the same letters are not 
sIgmficantly dIfferent at 5% by DMRT 
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C) SCIentIfic Impact on CollaboratIOn 
Kasetsart Uruversity led by Dr Busaba Yongsmlth had handled the product samples 

of 28 Items to Professor Dr Aneh Gertler for lus studIes on nutntIOnal and tOXICIty 
approaches smce October1997 Dr Busaba Yongrruth and her comvestigator Dr Warawut 
Krusong had VIsIted therr prOject consultant Professor Dr K H Stemkraus at Cornell 
Uruversity m November 1998 Professor Dr K H Stemkraus could VISIt Kasetsart 
Uruversity m March 1999 to further dISCUSS on the expenmental results and gIve advices for 
the wntmg Up the [mal report Professor Dr Stemkraus VIsIted Kasetsart Uruversity after 
successfullaparoscopy exammatIOn of lus Wife 

D) DeserIptIon of Project Impact 
The bactena namely ProplOmbacterzum freudenrelchll and BacIllus megaterzum 

could be used as potentIal vitamm B12 enhancer to mrxed fermentatIOn m soybean substrates 
More soluble and dIgestIble soybean could be ob"tamed by treatmg wIth Tempe mold 
(Rhzzoups ohgosporus) or Thua-nao bactena (BacIllus subtlhs) 

Process C (prompt moculatIOn of Tempe mold and ProplOmbacterzum freudenrelchll 
and Process F (prompt mocuiation of Tempe mold and Baczllus spp were used for Phase III 
Expenments on Product Development and Sensory EvaluatIOn Results showed that product 
of Process C could be developed over than those of process F m 3 methods (1) dIrect used of 
fermented masses as hIgh vitamm B12 soy sandWich or soy salads (11) Uses of fresh hIgh 
vitamm BI2 modIfied Tempeh as soy soup or soy-mIlk \111) IndIrect uses of fermented masses 
as soy powder by spray drymg WhICh Its modIficatIOn could be soy soup or soy mIlk Food 
formulatIOn IS needed to meet consumer acceptance Sensory evaluatIOn of the mam product 
has been carned out 

E) Strengthcmgn of Developmg Country InstitutIOns 
Many eqmpments obtamed from the project as well as those prOVIded by the 

Department have gIven project faCIlIties and resulted successfully Expenences and skills 
from novel process and novel products of the project would solve the problems of 
malnutntIOn among vegetanans and low-mcome people due to the lack of vitamm and low
protem foods 

F) Future work 
Project has been accomplIshed and termmated on February 28, 1999 However, some 

knowledge should be carned out m the future concemmg the baSIC study on the molecular 
mteraction of the mIxed cultures and soybeans sugar (olIgosacchande) utllIzatIOn m terms of 
upgradmg of soybean substrates 
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SectIOn II 

A) ManagerIal Issues 
Mam works of Thai group have been fIrushed Some data are stIll collected and 

profiled After the results of Israel group on nutntIOnal and toxIcologIcal studIes of the 
fImshed products have been obtamed Results of two groups are thus combmed for the final 
report wmch can be sent to US AID Wlthm a few months from now 

B) Budget 
Budget allocatIOn for the tmrd penod has been delayed for 9 months so tms IS the 

reason why the project had been be postponed another year Budget has been spent more to 
personnel bedget lme Item By all means, the total budget has not been changed 

C) SpecIal Concerns 

D) CollaboratIOn, Travel, Trammg and PubhcatIOn 
Dr Busaba Yongsmith and DI Warawut Krusong vIsIted the project consultant, 

Professor Dr H H Stemkraus at Cornell Umversity In returtl Professor Dr K H 
Stemkraus vlSlted Kasetsart Umversity m early 1999 m order to gIve consultatIOn and advIses 
on wntmg up the final report and gIve lecture on Ius expenences on soybean fermentatIOn to 
ThaI SCIentIsts Thai SCIentIsts hope to Jom and present a paper at the InternatIOnal Soy 
Forum m Cmcago, USA m July, 1999 

E) Request for A I D and Bostid ActIOn 

F) Travels and meetmg Attended 
1 A VISIt of Thai SCIentIsts to theIr consultant m Cornell Umversity USA m 

November, 1998 
2 A VISIt of the proJ ect consultant to Thailand m early 1999 
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PROGRAM SCHEDULE OF THE PROPOSED RESEARCH PROJECT PROPOSAL No TA-MOU-CIl-194 
"HIGH VITAMIN B12 VEGETARIAN DIETS BY MIXED FERMENTATION" 
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