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CHAPTER I 

INTRODUCT I ON 

Pra ctically all organisms, whe ther aerobic or 

anae robic , require thiamine (Vitamin B1 ). Many bacteria, 

fun gi, and protozoans, and most, if not all, multicell­

ul ar green plants can synt he size the pyrimidine and 

t hiazole rings and from these the thiamine molecule 

(Prosse r and Brown, 1962). Many bacteria (Burkholder, in 

Natarajan , 1965), some algae (Provasoli, 1958), and some 

protozoans (Prosser and Brown, 1962) are able to synthesize 

thiamine if t hey are provided with a source of the 

pyr i midine and/or thiazole rings. Some of these or­

ganisms are able to synthesize one moiety, while others 

can synthesize neither moiety. Many protozoans, some 

fungi, some algae, and all investigated multicellular 

animals require the complete thiamine molecule from an 

outside source (Prosser and Br0wn, 1962). 

Since thiamine is produce d by a numbe r of aquatic 

organisms and is wate r soluble, its occurrence would be 

expected in fresh na tural wa ter. Hutchinson (1943) found 

concentrat ions of thiamine rangi ng from 0.03 milli­

micrograms pe r milliliter of water(= mug/ml) to 1 .2 

mug/ ml in fresh wate r ponds of Connecticut. Hutchinson 

(1 943) al so i ndicated the possibility of seasonal changes 

i n t he thi amine concentrations i n fres h water . However, 
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his me asurements were not evenly distributed t hr oughout 

the year, and no othe r limnologists have continued his 

wo rk . Mea surements in salt wa ter i ndi cate d variation in 

the seasonal distribution of t hiamine. More work is 

needed to verify the pattern and source due to low 

t hiamine concentrations and insufficient sampling 

(Na t arajan , 1965). 

Seve r al techniques have been used to assay the 

thiamine content of a variety of materials. The test 

most wi dely used by chemists is the thiochrome technique 

wh ich re quires instruments not readily available to most 

limnologists. Burkholder and McVeigh (1940) described 

cond itions und er which t he fungus Phycomyces blakesleeanus 

could be used for thiamine assays. Hutchinson (1 943) 

used this technique in the assays of pond water noted 

above . The f. biakesleeanus technique has a number of 

undesirable fe a tures: ten or more days are requ1red to 

complete an assay; the fungus will respond to the moieties 

of thiamine , a s we ll as the complete molecule; and, wa ter 

mus t be concentrated to bring the thiamine levels within 

a mea surable range. 

A re cently described bacterium, Lacto bacillus 

virides cens has been suggested as a thiamine assay 

( 1 t 1 1957) The present study organism Diebe , e a ., • 

attemp ts to ad opt t he 1· virides cens technique of Skegg s 
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(1 96 3) for f r e sh wa ter t hi ami ne a ssays due to its r esponse 

only to t he i nta ct t hi amine molecule, t he sma l l amount of 

t ime r equired for an assay, the response to amount s of 

t hi ami ne a s l ow as 1 mug/ ml, and t he comparative ease 

with which t he assay could be run . The purposes of this 

study were to describe t he L. viridescens assay technique, 

suggest modifications of the technique, and verify the 

technique for thiamine assays in fresh natural water. 



CHAPTER II 

MA TERIALS AND METHODS 

Description of La ctoba cillus viridescens 

The ba cterium Lactobacillus viridescens possesses t he 

following characteristics according to Niven and Evans 

(1 957). The cells are gram positive, nonmotile, nonspore­

forming , small rods occurring singly or in pairs. They 

are faculatively anaerobic and produce considerable 

quantities of carbon dioxide and lactic acid when growing 

vigorously. Frequently these organisms are the cause of 

greening of cured meat pigments and are often found in 

cured meat. 

Assay Design 

In suggesting 1· viridescens as a thiamine assay 

organism, Skegg s (1963) propose d the following procedure. 

The growth of 1· viridescens in a medium containing_ known 

amounts of thiamine was established by using six concen­

trations of thiamine. Tubes containing O, 5, 10, 15, 20, 

30, and 50 mug of thiamine, respectively, were used. 

Thiamine hydrochloride was used as the standard and was 

t t . of 10 mug/ml. Five milli­prepared at a concen r~ ion 

liters of assay medium (See Materials, below, for 

f edl. um ) were added to each tube, 
description o assay m • 



and t he volume of l i quid in each tube wa s brought t o 

10 ml with distilled water~ 

5 

A sample of the material to be a ssaye d wa s dissol ved , 

or dilut ed , in distilled water and add ed to tubes in t he 

amount s of 1, 2, 3, 4, and 5 ml, respectively. Five 

millil iters of assay medium were added to each tube plus 

sufficient distilled water to bring the volume of liquid 

in ea ch tube to 10 ml. 

The tubes containing known amounts of thiamine and 

tubes with unknown amounts were autoclaved at 121°0 for 

five minutes. After the tubes were cooled one drop of a 

previously prepared inoculum was added .. to each tube. The 

inoculum was prepared by growing cells ' of L. vir i descens ,, -... -
a t 30°c for 16 to 20 hours in a medium enriched with 

thiamine. The cells were centrifuged and washed t hree 

times in 0.9% saline and were then suspended and frozen 

i n assay medium until needed. Storage was not recommended 

for periods exceeding 30 days. 

After inoculation an incubation period of 20 hours 

a t 30°0 was recommended. Results were determine d by 

measuring turbidity, expressed as absorbance units, with 

colorimeter using a 660 mu filter. A standard curve may 

be dr awn by plotting the absorbance readings of tubes 

wi th known amounts of t hiamine against the amount of 

thiamine pre sent . Results of the assay may then be 
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determi ned by comparing the absorbance readings of tubes 

containing an unknown amount of t hiamine wi t h t he standa r d 

curve . 

Except as noted, the above procedure wa s use d in t he 

current work with a standard curve being run for ea ch 

experiment. · 

Materials 

In the present study the following materials were 

used a s indicate d in t he above procedure. 1· viridescens 

Strain S38A wa s obtained from the American Type Culture 

Collection , Rockville, Maryland. Inoculum was prepared 

by growing cells in Difeo Micro Inoculum Broth, 0320-02 

(Difeo Laboratories , Detroit, Michigan) and was then 

f rozen at -s 0 c. Assay medium used wa s Thiamine Assay 

Medium LV, 0808-15 (Difeo Laboratories, Detroit, Michigan ). 

Standar d solutions were prepared using thiamine hydro ­

chloride (Nutritional Biochemicals Corp., Clevelan~ , Ohio). 

In experiments using filtered solutions filtering wa s · 

a ccomplished by using o.45 micron Millipore fi lters 

(Millipore corp ., Bedford, Ma ss.). Measurements of 

growth were determined with a Spectronic 20 (Bausch and 

Lomb , Rochester, N. Y.). 



CHAPTER III 

EXPERIMENTS AND RESULTS 

Inoculum Preparation 

In an attempt to verify the suggested 16 to 20 hours 

of incubation for inoculum (Skeggs, 1963), a growth curve 
', 

was plotted for L. viridescens. ,-O~e tub·e of store d 

inoculum was use d to inoculate two tubes of inoculum 

broth . The two tubes of inoculum, which contained 

thiamine, were incubated until a visibly high turbidity 

wa s obtained at 24 hours . Material from these tubes was 

t hen used to inoculate another pair of inoculum broth 

tubes . Absorbance readings were taken from the second 

pair of tubes at intervals of one or two hours. A tube 

of sterile inoculum broth served as the zero reference 

point. The resulting growth curve is shown in Fi gure 1 . 

In this experiment exponential growth began about five 

hours after inoculation and continued for approximately 

thirteen hours . 

Comparison of Mass Inocula tion 
And Individual Tube Inoculation 

• 
Due to viriations in results when individual tube 

Wa s Usea., as suggested by Skegg s (1963), an 
ino culat ion 

nsidered Sterile as say alte rnative procedure was co • 

med ium was ma ss inoculated and distributed to t he tubes 
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f ollowed by the addi tion of sterile wa ter and standard 

solut ion in t he appropriate amounts. 

Table I shows t he ranges of results at each point 

on t he standar d curve ~sing mass inoculation and indi ­

vidual tube i noculation. Each range was determined by 

subtracting t he lowest absorbance reading fro~ t he 

9 

highest abs orbance reading at each point. Ten replications 

we re made at each point. As seen fro m Table I, the 

average r ange wa s less for points prepared by i ndividua l 

t ube inoculation. Figure 2 compares the t wo standard 

curves obtained using the above procedures. The yields, 

calcula ted i n absorbance units per millimicrogram of 

t hi amine , were used to determine if a significant differ­

ence exists between the t wo curves. Application of the 

student 's t-test to data showed no significant difference 

between the curves. 

Comparison of Autoclaved 
And Filtered Standar ds 

Na tarajan (1 965) indicated destruction of some 

t hiamine when autoclaved in distilled water. To deter­

mine if t hi amine wa s destroyed by autoclaving , a 

,.Tas mad e between standard curves using comparison" 
t· The autoclaved 

auto clave d and filtered standard solu ions. 
0 

solution we re heated at 250 F 
tubes containing thiamine 

·for 15 minutes. 
and 15 pound s of pressure 

Filtered 
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TABLE I 

RANGES OF RESPOl\TSES USING MASS I NOCULATION OF 
MED I UM AND I N1HVIDUAL TUBE I NOCULATION 

Point on 
Range (in absorbance units) 

Curve 
(in mug/ ml) 

Mass Inoculation Individual Tube 
· Inoculation 

0 .055 .035 

5 .025 .02 

1 0 • 1 1 .045 

20 .055 .06 

30 .07 .08 

50 • 1 5 .o_6 

Average= .087 Average= -~05 
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standard solution was prepared by passing freshly mixed 

t h iamine solution through a sterile 0 . 45 micron illipore 

filter . Each standard curve was determined using 7 

concentrations with each point representing the mea of 

10 tubes . All factors, other t han the etho of standar 

solution sterilization , were i de tical forte two groups 

of tubes . 

The results of the co parison betwee a toclaved a 

g e 3. iel s filtered standard solutions ares o ·m 1 

were calculated for each oft e curves t e stu e t 's 

t - test was applied . o sign f cat 1 fere ce s oun 

between the two curves . 

Optimum Incub tio er o 

Skeggs (1963) propose t e use o C t 0 

at 30°0 for c lt res less ta 30 Y period of 20 hours 

t he optim c bat O t e , a co 
old . To determine 

son -was made of t he standa r c rves ob e at 

three lt res . e 0 t e C 
incubation times wit C 

res 

viri escens ce s ee 
was 3 days old (i . e ., t e I!. 

e i for 3 ays) , a ot er 
stored frozen in assay 

culture was 34 days old , an 
t e t ir c lture ,as 50 days 

old . On each curve represents t e 
Ea ch point 

ea 

Of three tubes . absorbance value 
bsorba ce val es 

or four hours . 
taken at intervals of two 

Sta dar 

rere 
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solution f or ea ch curve wa s t 

s erilized by f iltering and 
all tubes were i nd ividually inoculated. 

Fi gur es 4, 5, and 6 show, r ti 
espec vely, t he standa r d 

cur ve s obt a ined from the three 
cultures. An optimum 

i ncuba tion period of 24 to 28 hours is indicated for each 

of t he cultures. 

Effects of Inoculum Age 
On Standard Curve 

Storage of frozen inoculum was recommended for 

periods not long.er than 30 days (Skeggs, 1963). Four 

i noculum cultures of knovm ages were compared to deter­

mine the effects of inoculum age on the resulting standard 

curve. Inoculum ages were 2 days, 11 days, 34 days, and 

50 days. The mean absorbance value of t hree tubes was 

use d to determine each point on t he curves. Standard 

solutions were filtered sterile, and tubes were ind ividu­

ally i nocula ted. Standard curves from t he cul t ures are 

shmm in Figure 7. 

Growth of L. viridescens i n Ac~d Tu ed i a , 
And Changes in pH of 1edia During Assay 

Due to the fact t hat L. viridescens secretes an 

acid (Niven and Evans, 1957), a comparison was mad e of 

All med ;um with different pH values. growth i n assay ... 

Of thiamine and were i ncubated t ube s con t a i ned 30 mug 
· ting of three for 20 hours. Four groups, each consis 
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tube s , were prepare d . 
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One group served as the control in 
1-rhich the pH of the assay medium 

was not artificially 

a ltered . Hyd rochloric acid (0.1 N) was added to each of 

t he r ema ining groups to produce pH values before incuba­

tion of 5.20, 4.10, and 3.00, respecti·vely. Following 
incubation the pH was aga:i.·n measured. Absorbance was 

determined using a tube of sterile assay medium as the 

reference point. Table II shows the effects of the 

medium pH on the amount of growth. As the pH decreased, 

t he amount of growth also decreased. 

As growth progresses in each tube la~tic acid 

accumulation alters the pH of the medium (Niven and Evans, 

1957). To determine the range of pH variation, tubes 

from each point on the standard curve were subjected to 

pH determinations at the time of inoculation and follow­

ing 20 hours of incubation. Six tubes were prepare d for 

each · point on the standard curve. Three of the tubes . 

were used for pH determinations before incubation, · and 

three of the tubes were used for pH determinations follow­

ing incubation. Standard solution was sterilized by 

and mass l·noculation of the medium was used. filtering 

Table III shows the pH changes for eac_~ of the points on 

Correlated with the' amount of growth , t he standard curve. 

;n pH occurre_d at the highest concen­t he greatest change. 

tration of t h iamine. 



TABLE II 

EFFECTS OF MED I UM pH ON THE 
GROWTH OF L. VI RI DESOENS 

pH of Medium Absorbance 

Be g i nn i ng End 

6 . 20 5 . 95 0. 22 

5 . 20 5.00 0.07 

4 . 10 3 . 90 0. 04 

3 .00 2 . 75 0. 01 

20 



TABL.l!: III 

pH VARIATION I N MED IA OF 
STANDARD CURVE 

mug B1 pH of Med ium 

Beginning End 

0 6.20 6 .20 

5 6.20 6. 1 0 

1 0 6.20 6.05 

1 5 6.20 6.00 

20 6.20 6.00 

30 6.20 5.95 

6.20 5 . 85 
50 

21 

. , 
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Ve rifica tion of 1. viridescens Assay 

To verify the use of L i ·d 
-· v ri escens assay technique, 

fresh natural wa ter and distilled wa ter 1 samp es, each 

containing known amounts of thiamine, were assayed. Three 

t hiamine-distilled water solutions were prepared. Each 

solution consisted of 200 ml of water plus 2, 4, or 6 mug 

of thiamine per ml of water. Three 5 ml samples of 

distilled water were taken before thiamine was added and 
' 

three 5 ml samples were taken from each solution after 

thiamine was added. Natural water from a University of 

Tennessee at Martin farm pond was also assayed. Three 

5 ml samples were taken to determine the amount of 

na tural thiamine present. Two 50 ml thiamine-natural 

wa ter solutions were prepared. One solution contained 

2 mug of artificial thiamine per ml of water, and the 

othe r solution contained 4 mug/ml. Table IV presents the 

results of the assays. No natural thiamine (0 mug/ml) 

the dl.·st1.·11ed wa ter, and 0.72 mug/ml were wa s de tected in 

detected in the pond water . Results in Table IV refer 

only to the amount of thiamine artificially added. 



TABLE I V 

V• IFICAmIO OF ASS AY USING WATER WITH 
OW MOU TS OF THIA I E 

Amount of Amount of 
Thiamine Thi amine a s Type Sample dd ed Determi ned 

(in mug/ ml) by Assay 
(in mug/ ml ) 

Distilled wa te r 2 2 .6 

Distilled wa te r 4 4 . 4 

Distilled water 6 5.7 

Pond wa te r 2 2.08 

Pond water 4 4 . 48 

23 

Percentage 
of Error 

30 

10 

5 

4 

12 



CHAPTER IV 

DISC USS ION 

Ve rification wa s made of Ske o-a- s , ( 1963 ) 
00 recommendati on 

of inoculum preparat ion from a 16 t 20 0 hour culture. The 

growth curve obtained for 1- viridescens (Figure 1 ) 

indica tes t he period of exponential growth extends from 

5 to 22 hours of incubation. D t ue o variation in lag 

phas e duration, this curve would probab ly not · be repeated 

exactly for every culture, but cultures treated ·as above 

should g ive comparable results. 

Several changes are suggested in the assay technique 

of Skegg s (1963). Optimum incubation time would appear to 

be 24 to 28 hours (Figures 4, 5, and 6). The 20 hour 

incubation time recommended by Skegg s (1963) was 

part i a lly determined by use of only 5 minutes of auto­

claving . This short period of autoclaving would not 

sterilize the med ia and, consequently, a short in6ubation 

pe riod was used to avoid contamination. Results of the 

present study indicate no significant difference between 

thiamine solutions autoclaved ·for 15 minutes and those 

filtered ste rile. A longer incubation time (24 to 
28 

hours) and a longe r period of autoc laving would be 

recommended . The method of sterilization should be 

consisten t with that used for samples to be assayed even 



t nou6h n o significan t d ifference · 
wa s dete cted between 

25 

filtere d and aut oc lave d standards . 
If samples are 

filtered sterile , the standar ds should 
be filtered 

' and if saople s a re aut oc lav d t h 
e ' e standar ds should be 

auto claved . 

The recommended maximum storage ti · me of 30 days for 

inoculum is que stioned. Standard curves from cultures of 

age s 2 day s to 50 days are not significantly different. 

Possibly even older cultures may g ive usable standard 

curves. 

Effor ts to reduce the range of responses at the 

points on t h e standard curve were futile. Table I show$ 

t he rang e of responses using mass inoculation of media to 

be slightly greater than the range using individual tube · 

inoculation. Neither method can be given preference. In 

some ca ses the individual tube inoculation technique· may 

be preferred even though it requires more time to perform. 

In other ca ses the mass inoculation technique may be 

preferre d for its ease of preparation. 

Growth of L . viridescens is limited in media of low 

the Changes in medium pH during pH (Table II). However, 

incubation are small for all points on the standa rd curve 

( have ll·ttle limiting effect on 
Table III) and probably 

the growth of L . virides cens . 
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m 0 verify the dete ction ability of the~- virides cens 

technique , wate r sample s of known thiamine content were 

a ssayed (Table IV). The results are within the expected 

ranges , and , consequently , the~. viridescens assay 

technique is recommended f or thiamine assays of fresh 

wate r . 
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