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Vitamin C and Choline Content of ChZoreZZa vulgaris 
and C. pyrenoidosa 

By ROBERTSON PRATT and EVELYN JOHNSON 

T h e  choline content of Chlorella unlgaris and of C. pyrenoidosa (expressed as micro- 
grams per milligram dry cell weight) remained relatively constant during a 3-week 
growth period. However, the concentration in  the latter species exceeded slightly 
that of the former at all harvest times. In both species, after reaching a peak early 
in  the culture period (5-7 days), the concentration of ascorbic acid decreased con- 
tinuously. The  total yield of both vitamins (micrograms per milliliter of culture) 

increased continuously because of the increment in  cell mass. 

HIS NOTE records data concerning yields of vita- T min C (total ascorbic acid) and of choline from 
two species of unicellular green algae and is part of a 
continuing study of production of vitamins and 
accessory growth factors by CIzlorella vulgaris and 
C. pyrenoidosa (1-5). 

METHODS 

The pedigree of the strains of C. vulgaris and of 
C. pyrenoidosa employed, the method of maintaining 
stock cultures, the composition and inoculation of 
stock and experimental culture solutions, and the 
details of environmental conditions provided and of 
harvesting experimental cultures have been de- 
scribed previously (1). In summary, an inorganic 
medium consisting of minerals and micro-elements 
was inoculated with the algae and was continuously 
aerated with a Cot-air mixture. Continuous 
illumination (600 f.c.) was provided from a Mazda 
source and thc temperature was maintained a t  20.5 
f 0.5”. Cells were harvested at  intervals during 
the 3-week culture period and vitamin C and choline 
content were determined. 

Assays- Vi tamin  C Activity-Since ascorbic and 
dehydroascorbic acids exhibit equal antiscorbutic 
activity, the method of Roe and Osterling (6) was 
applicable and was employed to determine “total 
ascorbic acid.” This entailed extraction of cells 
with a metaphosphoric acid mixture and treatment 
with a decolorizing agent1 which oxidized ascorbic 
to dehydroascorbic acid and clarified the solution. 
The oxidized form was then coupled with 2,4-dinitro- 
phenylhydrazine and the resulting derivative, when 
treated with HzS04, produced a red color which 
could be quantitated photometrically. 

Aliquots of each cell suspension were extracted 
in duplicate and each extract was assayed in dupli- 
cate for total ascorbic acid. The standard devia- 
tions of the assays were within 3 ~ 5 %  of the mean; 
most were within 4~2%.  

Choline-Cells were .dutOCldVed in 3y0 HS04 at 
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15 lb. pressure for 2 hr. and then were neutralized 
with BaOH, following the method of Horowitz and 
Beadle (7). After filtration, the extract was passed 
through a Permutit column to separate choline from 
methionine and to eliminate other substances which 
might interfere with the assay. 

Choline content of the extract was determined 
using Neurospora crassa ATCC 9277 as the test 
organism in bacto-choline assay medium (8). 
Growth response of the organism was determined 
gravimetrically . 

Aliquots of each cell suspension were extracted in 
duplicate and each extract was then assayed in 
duplicate. For all assays the standard deviation 
was within the range j = l O %  of the mean, generally 
falling in the range * 5 7 ,  or less. 

RESULTS 

The maximum ascorbic acid content detected in 
the cells of both organisms was about 1.1 to 1.2 
mcg./mg. of cell dry weight. This peak occurred 
in the early period of growth (5 to 7 days) and then 
the concentration declined continuously throughout 
the remainder of the 21-day culturc period (Table I, 
A). Choline appeared more constant in concentra- 
tion. The apparent trend in the average values for 
choline in C. vulgaras is not supported by the data 
from individual runs. Variations were random. 
Neither compound was detectable in the harvested 
culture medium. 

When results are expressed in terms of micro- 
grams per milliliter of culture, both compounds are 
seen to have increased continuously throughout the 
culture period (Table I, B).  This is a reflection of 
the continuous increase in cell mass as growth pro- 
gressed. 

The levels of choline and the peak levels of as- 
corbic acid (Table I, A) cotnpare favorably with 
data reported by Morimura (9) for short-term 
(2-3 days) synchronized cultures of C. ellipsoiden. 
He also found that the cholinc content remained 
fairly constant, but reported that ascorbic acid 
“increased considerably during the stages . . . iii 
which the photosynthetic process occurred most 
actively.” Confirmatory evidence for this view 
is provided by the facts that ( a )  in the present 
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TABLE I-VITAMIN C AND CHOLINE CONTENT OF C. vulgaris AND C. pyrenoidosao 

C. vulgaris F J  C. Pyenoidosa - 
5 7 11 14 18-21 5 7 11 14 18-2 1 

Vitamin Days Days Days Days Days Days Days Days Days Days 
A. Content Expressed a8 mcg./mg. Dry Wt. 

C 0.984 1.181 0.679 0.507 0.469 1.104 0.885 0.585 0.515 0.386 
Choline 1.783 2.365 2.400 2.617 2.611 2.952 2.912 2.767 2.676 2.879 

B. Content Expressed as mcg./ml. of Culture 
C 0.345 1.186 1.675 1.626 1.936 0.613 1.111 1.504 1.818 2.065 
Choline 0 .538  2.383 5.941 8.386 10.736 1.505 3.797 8.142 9.532 15.065 

aValues recorded are averages from four separate experiments, except for 5-day results which are averaged from three 
experiments. 

TABLE 11-CHOLINE AND VITAMIN C CONTENT OF 
Chlorella AND OF SOME CONVENTIONAL FOODS (mg. 

VITAMIN/100 Gm. DRY WEIGHT)” 

Item Choline Vitamin C 
C. vulgaris (7-day) 236 118 
C. vulgaris (21-day) 261 47 
C. pyrenoidosa (7-day) 291 110 
C. pyrenoidosa (21-day) 288 39 
Beef (round steak) 325 0 
Lamb (chop) 300 0 
Liver (beef) 1883 31* 
Pork (choD) 166 0 
Eggs j 
Milk 
Wheat (whole) 
Barley 
Rice (polished) 
Sovbean 
Cabbage 
Carrots 
Oranges 
Parsley 
Pepper, bell 
Potato, white 
Spinach 

3018 0 
105 1b 
93 0 

143 0 
93 0 

305 T r  . 
267 50b 
103 4b 
. . .  49b 
. . .  193b 
. . .  120b 
121 1 7b 
253 59b 

~ ~ - 
aValues for foods from “Nutritional Data,” 5th ed., 

H. J. Heinz, Pittsburgh, Pa., 1962, and from Sebrell, W. H. 
and Harris, R. S., “The Vitamins,” Academic Press Inc.: 
New York, N. Y., vols: I and 11, 1954. bMilligrams of 
vitamin/100 Gm. raw edible portion. 

experiments of longer duration, ascorbic acid content 
of the cclls dcclincd continuously aftcr achieving a 
peak level early in the culture period, and (6) the 
rate of photosynthesis continuously decreases with 
advancing age of the culture. 

In the current study, the final concentration of as- 
corbic acid in the cells of C. vulgaris was approxi- 
mately 40y0 of the early maximum. Previous work 
has shown that under similar conditions (differing 
only in light intensity) the rate of photosynthesis a t  
day21 is onlyabout 437” of thcratedeterminedon the 
fourth day (10). Calculations ( lo ) ,  based on data 
reported by Sargent ( l l ) ,  indicate that the decrease 
in rate of photosynthesis in cultures of C. pyrenoidosa 

may be somewhat greater than for C. vulgaris, and it 
may be significant that in the present experiments 
the ascorbic acid content in cells from 21-day-old 
cultures of C. pyrenoidosa was only about 35% of the 
early peak concentration. 

The above observations and Morimura’s report 
(9) seem to confirm in the thallophytes the con- 
clusion, based on work with higher plants in 1928, 
that light has a beneficial effect on the production 
of ascorbic acid (12). Many of the numerous sub- 
sequent direct and indirect verifications of that 
report and of an association between ascorbic acid 
and photosynthesis in higher plants have been cited 
by Mapson (13). 

Table I1 shows that  Chlorella compares favorably 
with several conventional dietary sources of choline 
but less favorably with the better known sources of 
vitamin C. 

In comparing vitamin C content of the Chlorella 
species with that of the dietary sources listed, 
allowance must be made for the fact that values for 
Chlorella are for dried material, whereas those for 
the other sources are for fresh material. Recent 
determination of fresh and dry weights of Chbrella 
revealed approximately 75% water content (70% 
in C. vulgaris and 78y0 in C. pyrenoidosa). There- 
fore, vitamin C content of the two algae, expressed 
in terms of fresh weight would be about 257& of the 
figures given in the table. 
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