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Trienzyme treatment appears to be essential for obtaining the maximum possible value of folate in food items. 
Trienzyme treatment is pe$ormed using protease and cY-amylase treatment for the extraction of food folate 
trapped or bound to protein or carbohydrate matrices, and using traditional folate conjugase for the hydrolysis 
of polyglutamyl folates that are regularly present in foods. Because the conditions (pH and incubation time) of 

protease and cx-amylase treatments vary among individual foods, it would be labor intensive and time consuming 
to put together reliable and accurate food folate tables. However, considering the importance offolate nutriture 
for the maintenance of health and the prevention of certain diseases, it is important to establish dependable food 
folate tables to accurately estimate dietary intake of folate and to recommend adequate dietary folate intake in 
the general population. (J. Nutr. Biochem. 9~285-293, 1998) 0 Elsevier Science Inc. 1998 
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Introduction Although the fortification of staple foods with folic acid 

During the last decade, interest in the role of adequate folate 
nutriture has been intensified because of the possible con- 
nection between folate intake and reduction of pregnancies 
with neural tube defects (NTDs) and of occlusive vascular 
diseases in relation to increased concentrations of homocys- 
teine in the circulation.‘,’ For example, in order to reduce 
NTD pregnancies, the U.S. Public Health Service recom- 
mended in 1992 that daily folate intake by women of 
childbearing age should be at least 400 Fg.3 In response to 
this recommendation, the Food and Drug Administration of 
the U.S. Department of Health and Human Services4 man- 
dated that, effective in 1998, cereal-grain products should 
be fortified with folic acid (pteroylglutamic acid) at 140 
kg/100 g of cereal-grain products. This fortification pro- 
gram is expected to yield a reduction in the incidence of 
NTD pregnancies in the United States. It remains to be seen, 
however, whether this amount of folic acid fortification also 
reduces the risk of developing occlusive vascular diseases 
by lowering plasma homocysteine concentrations in certain 
segments of the population.5 

may be the most effective and economical means to raise 
the intake of the vitamin in the general population, it would 
be ideal to increase the intake of this vitamin by the 
consumption of food items that not only provide a sufficient 
amount of folate but also are consistent with the dietary 
guidelines set by the U.S. Department of Agriculture.6 
However, it has been well recognized that the calculated 
dietary folate intakes based on the existing food folate tables 
have been inaccurate and unreliable;7,8 therefore, it has been 
extremely difficult to correctly estimate the dietary intake of 
this vitamin. This has resulted in uncertainty in establishing 
dietary folate requirement or the recommendation of dietary 
folate intake for the maintenance of health and the preven- 
tion of certain diseases. A certain segment of the population 
is in a state of inadequate folate nutriture;9 therefore, there 
is an urgent need to establish accurate and reliable food 
folate tables. In this article the methods currently available 
for food folate analysis are reviewed, with particular em- 
phasis on trienzyme treatment; in addition, a brief historical 
aspect of the analysis of food folate content is reviewed. 

Historical aspect of food folate analysis 

Address correspondence and reprint requests to Dr. T. Tamura, Department 
of Nutrition Sciences, University of Alabama at Birmingham, 218 Webb 
Bldg., UAB Station, Birmingham, AL 35294-3360 USA. 
Received December 2, 1997; accepted February 24, 1998. 

During the last four decades, numerous reports have been 
published on food folate content and the various methods of 
folate determination. These methods include detection using 
microbiological assay;‘0-‘3 radiobinding14 or radiometric 
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assay; I5 and fluorometric, 16-18 electrochemical I9 or spec- 
trophotometric methods,‘8,20-23 some of which’are carried 
out in combination with gel or high-pressure-liquid chro- 
matography (HPLC). Recently, an extensive review of the 
interlaboratory variation of food folate analysis using vari- 
ous methods has been published.24 Among these determi- 
nations, the microbiological assay appears to be most 
commonly used. The majority of investigators reported 
values of food folate content obtained by microbiological 
assay using Luctobacillus casei (L. casei, ATCC 7469) after 
both heat extraction in the presence of a reducing agent(s) as 
well as the treatment with pteroyl-y-glutamyl carboxypep- 
tidase (folate conjugase, EC 3.4.19.9), which hydrolyzes 
folate polyglutamates to folate with shorter glutamyl 
residues such as mono- or diglutamates, which can be 
utilized by the assay organisms. These values have been 
the basis of the calculations of dietary folate intake and 
have been used to establish the U.S. Recommended 
Dietary Allowances.8,25,‘6 

Microbiological assay 

Microbiological assay has been considered to be one of the 
best and most versatile methods for the determination of 
food folate for the past half century. Three organisms have 
been identified to be useful for this purpose, including L. 
casei. Enterococcus hirue (previously called Streptococcus 
lactis R. Streptococcus faecalis, or Streptococcus fhecium, 
ATCC 8043) and Pediococcus cerevisae (formerly called 
Leucorzostoc citrovorum, ATCC 808 1 ).*’ Among these 
three microorganisms, L. casei has been most widely used 
for the determination of food folate because this microor- 
ganism responds almost equally to the widest variety of 
folate derivatives. Extensive reviews on microbiological 
assay are available elsewhere.‘7-‘0 

For many years, despite its popular use, investigators had 
considered that microbiological assay was extremely labo- 
rious and time consuming, and it was difficult to establish 
this method as a dependable routine in each laboratory. 
Although numerous attempts have been made to improve 
the method over the years, it may be safe to say that the two 
most significant contributions that were made during the 
last 15 years changed the image of the method to less 
laborious, less time consuming, and more reproducible. 
These contributions include the use of cryoprotected L. 
casei”‘.“’ and the use of a 96-well plate and a microplate 
reader with a computer for data reduction.‘7,““5 

Extraction of food folate 

Prior to the assay of folate content, two sample-treatment 
procedures have been traditionally involved. These include 
the heat extraction of folate and treatment with folate 
conjugase.6,27 The former is used to extract folates by 
releasing them from folate-binding protein or food matrix”6; 
the latter is used to obtain the “total folate” contents of 
foods.“s’s 

It was not until the early 1960s that the importance of the 
use of a reducing agent, such as ascorbic acid, to protect 
some of the relatively labile reduced folates against oxida- 
tion during the extraction and assay procedures, thereby 
increasing the accuracy of the estimation of food folate 

content, was recognized. 39 Until then, many investigators 
reported values of food folate content that were obtained 
without the use of a reducing agent. For example, in one of 
the most extensive food folate tables published in the early 
1950s by Toepfer and his colleagues,40 ascorbic acid was 
not used as a reducing agent during either the extraction or 
assay procedures. However, it is now well established that 
the presence of a reducing agent(s) is essential throughout 
the assay procedure.4’,42 

Folate conjugase treatntent 

In the 1950s and 196Os, most of the publications concerning 
the analyses of food folate contained folate values as “free 
folate” and “total folate.” Free folate content was used to 
express the value of folate content determined by L. casei 
microbiological assay without prior treatment of folate 
conjugase, and total folute, with the treatment. Until the 
early 1970s it was not known that L. casei responds to a 
certain extent to polyglutamyl folates with more than three 
glutamyl residues and that the values of “free folate” do not 
represent only folates with shorter glutamyl residues.37 
Partially purified hog kidney or chicken pancreas folate 
conjugase has generally been used for folate analysis.“3-45 
Recently, the use of rat serum became common because it is 
readily available from commercial venders and the removal 
of endogenous folate can be done with relative ease. The 
majority of the end product of the reaction using rat serum 
folate conjugase is monoglutamyl folate.lh 

Food folate analysis using affinity column and 
HPLC in combination with diode array detection 

Many investigators have used HPLC methods to separate, 
identify, and quantitate various derivatives of folate present 
in foods.‘3,‘6-24 In 1980 Selhub et a1.47 reported a revolu- 
tionary, efficient method for the purification and concentra- 
tion of naturally occurring folates as intact molecules using 
affinity chromatography utilizing immobilized milk folate- 
binding protein. Subsequently, Selhub and his cowork- 
ers20-22,48 used this affinity-column chromatography in 
combination with an HPLC-diode array ultraviolet (UV) 
detection system for the isolation and quantification of 
folates in biological materials, including foods. 

The method has various advantages over those devel- 
oped previously, including traditional ion-exchange or gel 
chromatography,29,49 as well as other methods previously 
reviewed.50 The most significant advantage of this method 
is that the distribution of folate coenzymes can be identified 
and quantified intact, including oxidation states, one-carbon 
substitutions, and glutamyl-chain lengths of the complex 
mixture of naturally occurring folates. To date, this appears 
to be the most advanced method for the identification of 
various folate coenzymes in food. In the future this method 
may provide a powerful means to estimate the bioavailabil- 
ity of folates in various food items by providing a complete 
picture of folate coenzyme distribution, which may have 
different degrees of bioavailability in humans.“’ 
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Table 1 Folate contents (pmol/g, mean Z SD) in food composites (n = 4) and dietary folate intake (nmol/day) after four types of enzyme treatmentss7 

Calculated Folate conjugase Protease and a-Amylase and a-Amylase, protease, 
values6 only folate conjugase folate conjugase and folate conjugase 

Food content 112 * 40 180 + 46 254 +- 78 306 ? 101 
Increase over folate conjugase only (%) 61 126 172 
Folate intake 71 127 204 286 345 

All enzyme digestions and folate assays were independently repeated three times. Heat extraction and protease and cu-amylase treatments were 
carried.out atpH 4.3 and folate conjugase treatment at pH 7.0. 

Food folate analysis using trienzyme treatment 

In 1990 Eitenmiller and his colleagues’4,5’ published a 
method for the determination of food folate. In addition to 
the traditional treatment with folate conjugase, the method 
included treatments with protease (EC 3.4.24.31) and 
ol-amylase (EC 3.2.1.1). They coined this trienzyme treat- 
ment. It was intended to accomplish a more complete 
extraction of folates that may be trapped in or bound to the 
matrices of protein and polysaccharides by using protease 
and a-amylase in addition to heat treatment rather than the 
conventional method of heat treatment alone. Using the 
trienzyme treatment, they observed a substantial increase, in 
some cases over lOO%, in folate content of certain food 
items compared with the traditional method using folate 
conjugase treatment alone. 

Trienzyme treatment appears to be the most effective 
means of food folate extraction to date. Many investigators 
made an effort for complete extraction of food folate prior 
to the work by Eitenmiller and his colleagues;‘4,52 however, 
no investigator had used the combination of protease and 
cx-amylase treatments. In 1978 the use of the combination of 
protease and folate conjugase treatments was first per- 
formed by Yamada,“” who reported that these treatments 
increased folate content in human milk and a few other food 
items. Eitenmiller et a1.54 used a similar method to deter- 
mine folate content in human milk. In 1983 Cerna and Kas”’ 
combined a-amylase and folate conjugase treatments. They 
reported that the combination of the treatments is essential 
for obtaining maximum values of folate contents in certain 
food items rich in starch and glycogen. Similarly, Ped- 
ersen56 reported that food folate contents after a simulta- 
neous treatment with o-amylase and chicken pancreas folate 
conjugase were significantly higher than those treated with 
folate conjugase alone. It should be mentioned that in 195 1 
Toepfer et aLJo reported the effect of a 24-hr incubation of 
five food homogenates with Takadiastase (a trade name for 
amylase) at pH 4.5. Although this treatment was not 
combined with folate conjugase treatment, there was a small 
increase in folate values in all five items compared with the 
values obtained without any enzyme treatment. They con- 
cluded that “the Takadiastase preparation, under the condi- 
tions and amounts employed. was of little value for increas- 
ing the amount of folic acid over that found in the free 
form.” Retrospectively, if they had tried the combination of 
treatments with c-w-amylase and folate conjugase, the world 
of food folate analysis might have been quite different for 
the following 40 years. 

The effectiveness of trienzyme treatment to obtain higher 

food folate values did not draw much attention until 1997, 
when two groups of investigators reported that trienzyme 
treatment is necessary to obtain proper folate content in 
certain foods.57,58 Stimulated by a presentation by Dr. 
Eitenmiller at a workshop titled “Measurement of folates in 
foods and biological specimens” (organized by Drs. 
Beecher, G.R., and Bowman, B.A.), which proceeded Ex- 
perimental Biology ‘95, Tamura et a1.57 undertook a study 
to evaluate the effect of trienzyme treatment on folate 
content in food composites. These diets were prepared as a 
4-day-rotation menu that was intended to be a “low-folate 
diet” to estimate folate requirements in healthy adult fe- 
males. The food composites were treated by ( 1) folate 
conjugase only, (2) protease followed by folate conjugase, 
(3) cx-amylase followed by folate conjugase, or (4) o-amy- 
lase followed by protease, and then folate conjugase. Folate 
content in each food composite was determined by L. casei 
microbiological assay using a 96-well-microplate reader.‘7 

The results of this experiment are presented in Table 1 .57 
The data indicate that the method of trienzyme treatment 
was the correct choice of folate analysis in these food 
composites because this method gave a much higher folate 
content than the traditional method. Folate content in the 
composites after folate conjugase treatment alone was the 
lowest among the four treatments. The mean folate content 
found in the composites after trienzyme treatment was 
approximately five times higher than that calculated using 
the food folate tables.6 It was also 2.7 times higher (170% 
increase) than the value obtained after folate conjugase 
treatment alone. The average dietary folate provided by the 
4-day-rotation menu, which was intended to be low in 
folate, was found to be 152 yg/d using trienzyme treatment. 
This amount is approximately 84% of the currently recom- 
mended dietary folate intake ( 180 pg/d for adult females) in 
the U.S. Recommended Dietary Allowances.‘6 

This increase in folate values of the food composites 
obtained after trienzyme treatment were much higher than 
those based on the information provided by Martin et a1.s2 
It may be necessary to mention that the procedures used in 
the study by Tamura et a1.57 were different in the order of 
enzyme treatments as described by Martin et al.,“’ who first 
heated the food samples, then treated them with simulta- 
neous folate conjugase and a-amylase, and then digested 
these treated samples with protease. However, it may be 
reasonable to assume that if food folate is trapped in or 
bound to protein and carbohydrate matrices that are digested 
by protease and ol-amylase the enzyme treatment to release 
folates from the matrices should be performed prior to the 
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Table 2 Effect of pH of trienzyme treatment on the folate content (pmol/g) of a food composite5’ 

PH 

4.1’ 
6.3’ 
7.853 

Folate conjugase 
treatment only 

45 k 5 
78 t 5 
83 2 5 

Trienzyme treatment 

123 k 9 
962 18 

103 t 6 

% increase by trienzyme compared 
with conjugase treatment only 

168 
24 
23 

‘0.1 mol/L potassium phosphate buffer and 5.7 mmol/L of ascorbic acid with a final pH of 4.1. 
“0.1 mol/L potassium phosphate buffer and 5.7 mmol/L of ascorbic acid with a final pH of 6.3. 
?jO mmol/L Hepes, 50 mmol/L Ches. 11.4 mmol/L of ascorbic acid, and 0.2 mol/L of 2-mercaptoethanol at a final pH of 7.85.4” 

heat treatment and centrifugation of food homogenates. 
Furthermore, the treatment with folate conjugase should be 
done after all folates are released from the food matrices in 
order to expose the maximum amount of polyglutamyl 
folates to this enzyme. It may be safe to conclude that these 
sequential alterations in the treatments produce a greater 
increase in folate contents in samples.57 The data of these 
studies also suggest that the increment in folate contents 
after trienzyme treatment compared with those after folate 
conjugase alone is influenced by the types of food.52,57 

Shortly after the appearance of the publication by 
Tamura et al., 57 Pfeiffer et a1.58 reported the results of folate 
content obtained after trienzyme treatment in cereal-grain 
products with and without folic acid fortification. Compared 
with the values with folate conjugase treatment alone, 
trienzyme treatment resulted in 4%, 34%, and 33% in- 
creases in measurable folate content of bread, spaghetti, and 
rice, respectively. These investigators purified and concen- 
trated folates after trienzyme treatment using affinity chro- 
matography. 47 These purified folates were subjected to an 
HPLC method with both diode array UV detection and 
microbiological assay detection method using L. casei.16 
The results obtained by both methods showed remarkably 
good agreement, indicating that the compounds detected by 
L. casei microbiological assay are indeed folates. It should 
be noted that the identification of folate derivatives using 
UV detection in their study has extremely important find- 
ings. The data reported by Pfeiffer et a1.58 clarified two 
important questions concerning folate analysis using trien- 
zyme treatment: specifically, the increase in folate content 
after trienzyme treatment is not due to an artifact (the 
release of unknown growth factors for the assay organism 
by the extra enzyme treatments) or to the degradation of 
unknown growth inhibitor of L. casei, which could have 
resulted in falsely low folate content without trienzyme 
treatment. 

It is known that folate conjugase inhibitors are present in 
some foods.27 It is possible that there were folate conjugase 
inhibitors in food samples that limited the hydrolysis of 
polyglutamyl forms of folate; hence, folate content after 
folate conjugase treatment is lower than the actual value. 
This question has not yet been answered. However, as noted 
by Tamura et a1.,57 a “positive drift” phenomenon of L. 
casei in folate assay of samples treated with folate conju- 
gase alone was not observed, although a total of six serial 
twofold dilutions were made for each sample. The positive 
drift phenomenon is that apparently higher concentrations 
of folate are observed when a larger amount of sample 
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containing polyglutamyl folates is placed in the assay 
system. 37 Therefore, it is unlikely that inhibition of folate 
conjugase is significant among samples used in the study by 
Tamura et a1.57 It is important to keep in mind that there is 
always a possibility of the presence of folate conjugase 
inhibitor(s) in foods, as pointed out by Butterworth and his 
colleagues.59 

Is it possible to achieve the degree of folate extraction 
from food samples by methods other than the labor- 
intensive and time-consuming trienzyme treatment? In all 
the studies using trienzyme treatment, the heating procedure 
was performed for no more than 20 min. It is natural to 
question whether the temperature and the duration of 
heating was sufficient for adequate folate extraction. In 
order to answer this question the effect of long-term heating 
was performed using a mixed diet. The food homogenate 
was heated for 30 min at 12 1 “C in 0.1 mol/L Bis-Tris buffer 
(pH 7.8) containing 0.1 mol/L sodium ascorbate and 10 
mmol/L 2-mercaptoethanol.‘* Folate content in a mixed diet 
after trienzyme treatment increased approximately 2.1 times 
(110% increase) the value with folate conjugase treatment 
alone following heat treatment (Aiso and Tamura, unpub- 
lished observation). This preliminary result suggests that 
this 30-min-heating procedure is not sufficient to achieve 
the same degree of folate extraction in the mixed diet. 

Recently, Lim et a16’ observed an average of 85% 
increase in folate content in a total of 84 human milk 
samples after trienzyme treatment (including two lo-min- 
heating procedures) compared with that obtained by folate 
conjugase alone (with two lo-min heatings). In this study 
the optimal incubation time of 4 hr was suggested for 
or-amylase and 8 hr for the subsequent protease treatment in 
addition to folate conjugase treatment for the measurement 
of human milk folate content. 

As shown in Table 2, folate content in one of the food 
composites after folate conjugase treatment alone is signif- 
icantly lower at pH 4.1 than at pH 6.3 or 7.85, whereas the 
value after trienzyme treatment is highest at pH 4.1 .57 This 
finding indicates that heat extraction of folates at pH 4.1 
was less than at pHs 6.3 and 7.85; however, pH 4.1 was 
more suitable for trienzyme treatment than the other pHs. It 
is unknown at the present time whether this pH is optimal 
for protease and c-w-amylase treatments using other food 
items, and it is likely that optimal pHs for enzyme treat- 
ments are different for each type of food. In fact, Aiso and 
Tamura6’ investigated the effect of pH for the treatment 
using o-amylase and protease independently on folate 
values in four individual food items and found that there 
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Food homogenization and heat treatment 

To determine folate content in a single food item or mixed 
diet, an appropriate amount of material is homogenized 
using a Waring blender in a buffer containing 50 mmol/L 
Hepes and 50 mmol/L Ches with 11.4 mmol/L of ascorbic 
acid and 0.2 mmol/L of 2-mercaptoethanol with a final pH 
of 7.85.4’ The amount of buffer can vary from an equal 
volume to 10 to 20 times the amount in relation to the food 
to be homogenized, but this depends on the content of folate 
in each item. Based on our experience, an additional 
homogenization using a Polytron did not make any differ- 
ence in folate content of a diet composite as long as 
trienzyme treatment was performed.57 This homogenate can 
be separated into several aliquots and frozen at -70°C until 
further processing. One aliquot is heated in boiling water for 
10 min before proceeding to the following steps. 

was a distinctive pH optimum for the treatment with 
a-amylase of fresh beef and white bread but not for cow’s 
milk and spinach. It is known that the pH optima are 
different depending on the protease present in a crude 
enzyme preparation being used for trienzyme treatment 
because the affinity of the enzymes to substrates may be 
different depending on the food items.62 Furthermore, pH 
optimum of a-amylase isolated from the same source as the 
one used for trienzyme treatment (Aspergihs oryzae) is 
different depending on the preparations.63 Therefore, fur- 
ther investigations may be needed to establish the best pH 
condition for each enzyme treatment for individual food to 
obtain the maximum folate content. 

Based on all findings mentioned above, it may be 
reasonable to conclude that accurate food folate content 
must be obtained after trienzyme treatment. ‘4s2,57s8,60 
Without trienzyme treatment, previously obtained values of 
food folate content or dietary folate intake may be grossly 
underestimated.‘0-‘“,24*25@-67 However, it is evident that 
food folate determination using trienzyme treatment is at a 
very early stage. A monumental task confronts us in the 
form of establishing accurate food folate tables. At comple- 
tion, however, these tables will have a powerful impact, not 
only nutritionally but also socially and politically; for 
example, on the estimation and recommendation of dietary 
folate intake, which has most likely been underestimat- 
ed.26.67 Furthermore, the previously estimated bioavailabil- 
ity of food folate in relation to synthetic folic acid may be 
an overestimation.65-67 At present, however, it is unknown 
how much of folate in food is digested and absorbed in vivo 
from the gastrointestinal tract of humans in relation to the 
values of folate obtained using in vitro trienzyme treatment. 
It is important to note that the apparent minimum dietary 
folate requirement in humans becomes numerically large. 
Thus, it may be necessary for us to become accustomed to 
new folate values. It is acknowledged that this process will 
take time, and, for some, it may be difficult. However, we 
must get used to the idea. Needless to say, it is obvious the 
absolute minimum folate requirement (equivalent to 
pteroylglutamic acid) remains unchanged in humans. 

One may question whether trienzyme treatment is nec- 
essary to determine folates in human tissues, such as plasma 
or red blood cells, as well as in various tissues of experi- 
mental animals. The author has tried a long-term incubation 
(total of 23 hr) of trienzyme treatment on human plasma and 
red blood cells and rat liver. There was no significant 
increase after trienzyme treatment in these samples. How- 
ever, further studies are warranted to clarify this question 
because, as stated above, there was a noticeable increase in 
folate content of uncooked beef after a short-term treatment 
of a-amylase in addition to folate conjugase.6’ Furthermore, 
it may be of interest to investigate the physiological role of 
folates trapped in matrices, that can be extracted by o-amy- 
lase and protease treatments in plant and animal tissues. 

Recommended procedures for food folate 
determination using trienzyme treatment 

For the convenience of readers, an example of a flow chart 
of the experimental procedure is presented in Figure I. 

Protease, a-amylase, and folate 
conjugase treatments 

In order to obtain the maximum possible folate content in 
each sample, four types of treatment can be arranged. These 
treatments include (1) folate conjugase only, (2) protease 
followed by folate conjugase, (3) ol-amylase followed by 
folate conjugase, and (4) ol-amylase followed by protease, 
and then folate conjugase. It may be necessary to note that 
certain food items do not require protease treatment. For 
example, in fresh beef the maximum folate value was 
obtained with the combination of c;u-amylase and folate 
conjugase treatment, and the value declined with an addi- 
tional protease treatment. 6’ In such a case, it is not neces- 
sary to do all four treatments. 

Protease and o-amylase can be obtained from Sigma 
Chemical (St. Louis, MO) and are the same as the enzyme 
preparations recommended by Martin et a1.,52 which are 
prepared from Streptomyces griseus (Type XIV) and A. 
oryzae (Type X-A), respectively. The concentration of 
protease and a-amylase to be used for the treatment of food 
mixtures are 20 and 20 mg, respectively, per mL of 
distilled-deionized water or a buffer depending on the pH 
that is most suitable for each food homogenate. These 
enzyme solutions should be filtered using a microfilter (0.22 
pm) immediately before use in order to prevent bacterial 
contamination. The amount of enzyme solution for a unit of 
heated food homogenate may vary depending on the nature 
of the food item. In general 1 volume of each enzyme 
solution is mixed with 1 volume of the heated homogenate; 
however, this ratio can be flexible. 

This preparation of ar-amylase contains a large amount of 
folate ranging from 1.1 to 1.8 ng/mg of the solid as L. casei 
activity after folate conjugase treatment. This was a signif- 
icant amount for the final calculation of folate content; 
therefore, it was essential to subtract the amount of folate in 
the enzyme solution. Recently, we successfully removed 
endogenous folate from the a-amylase preparation. One 
volume of the ol-amylase solution (50 mg/mL) was mixed 
with one-tenth volume of activated charcoal and gently 
vortexed on ice for 20 min. After centrifugation (900 X g 
for 10 min), the supematant was filtered using a 0.22 Frn 
filter, and this filtrate was used as the enzyme. After this 
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Figure 1 Flow chart of food folate analysis using trienzyme treatment. “50 mmol/L Hepes, 50 mmol/L Ches buffer (pH 7.85) containing 11.4 mmol/L 
of ascorbic acid, and 0.2 mol/L of 2-mercaptoethanol. 4’ bAll procedures after the first heating should be performed under aseptic conditions to avoid 
any bacterial contamination. %-Amylase (Sigma Chemical, cat. #A 0273) at 20 mg/mL of water or buffer. This should be treated with charcoal before 
the treatment (see text). dProtease (Sigma Chemical, cat. #P 5147) at 20 mg/mL. This trienzyme treatment can be done after the optimal conditions 
are identified by the remainder of treatments. Even without this procedure, the total number of test tubes to perform one sample (food mixture or a 
single food item) may exceed 30. ‘Centrifuge at 5,000 x g for 10 min using a microfuge. 
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with protease and o-amylase. The mixtures of food and 
enzyme(s) should be heated for 10 min in boiling water to 
denature protease for the prevention of the inactivation of 
folate conjugase by this enzyme. After centrifugation, the 
supernatant is used for folate conjugase treatment. 

As cautioned by Pedersen,56 it is extremely important to 
avoid contamination with bacteria that can synthesize fo- 
lates during the incubations with three independent en- 
zymes. The growth of the bacteria possibly provides falsely 
high folate values. Therefore, the use of presterilized plas- 
ticware, microfilter-sterilized reagents, and enzymes as well 
as heat-treated food samples is essential for all assays. It 
may be helpful to note that suspected bacterial growth was 
encountered in less than 3% of assays in the author’s 
laboratory. 

treatment, no folate was detected by L. casei assay after 
conjugase treatment, and less than 15% of enzyme activity 
was lost.68 If we use this preparation, it is no longer 
necessary to subtract o-amylase folate blank for the calcu- 
lation. Furthermore, it is possible to increase the amount of 
enzyme used to treat food homogenate without disturbing 
high folate blank by the enzyme. The elimination of 
endogenous folate provides the possibility of using a shorter 
incubation to reduce degradation of food folate during the 
treatment by o-amylase. This filtrate can be stored at 
-70°C for at least 1 week. 

Other enzyme preparations, such as Type XII-A (Bacil- 
lus licheniforms) and Type II-A (Bacillus species), have 
been tried in the author’s laboratory. However, these are not 
suitable for the purpose of food folate extraction because the 
former contains an unacceptably large amount of endoge- 
nous folate and the latter does not contain sufficient activity 
to digest carbohydrates in a mixed diet, probably due to the 
extremely specific nature of this highly purified enzyme. On 
the other hand, only a minute amount of endogenous folate 
has been detected in the preparation of protease. Therefore, 
a subtraction of endogenous folate value is not necessary for 
the calculation after protease treatment. However, investi- 
gators are encouraged to check the amount of endogenous 
folate for each batch of enzyme preparations. 

As a source of folate conjugase, rat serum appears to be 
the most suitable.46 It can be obtained from commercial 
venders (e.g., Harlan Bioproducts for Science, P.O. Box 
29176, Indianapolis, IN 46229). To remove endogenous 
folate, rat serum is mixed with one-tenth weight of acid- 
treated charcoal for 1 hr on ice. This step lowers endoge- 
nous folate to a level that is undetectable by L. casei assay. 
After centrifugation, the supernatant is filtered using a 
microfilter (0.22 pm), and aliquots are stored at -70°C. 
The activity of folate conjugase at pH 7.0 in this preparation 
has been approximately 1 pmol of [‘4C]-glutamic acid 
formed/mL/hr using synthetic pteroyldiglutamyl-[‘4C]-glu- 
tamic acid as substrate.” This activity is usually in far 
excess of what is required to hydrolyze food folates present 
in the incubation mixture. Folate conjugase treatment is 
done at 37°C for 1 to 3 hr in the presence of 114 mmol/L of 
ascorbic acid with a final pH of 7.0. 

As stated above, optimal pHs for protease and o-amylase 
treatment are different from food to food; therefore, it may 
be important to identify the appropriate pH for each food 
item. Furthermore, the optimal incubation time for protease 
and a-amylase treatments also ranges from 1 to 6 hr 
depending on the food item. 6’ Again, studies concerning the 
identification of the most suitable incubation time for each 
food item are encouraged. In some foods folates may be 
labile under the condition of the incubation at 37°C even in 
the presence of 114 mmol/L of ascorbic acid. Based on the 
experience of the author, the stability of synthetic folates 
(5HCO-H,PteGlu and pteroylglutamic acid) was within the 
acceptable range of the assay after a total of 23 hr incuba- 
tion at 37°C compared with the coefficient of variation 
(10%) of microbiological assay.‘7,57 Further studies may be 
needed, however, to examine the stability of various forms 
of folate during the incubation for more than a few hrs. The 
food homogenates usually appear more homogeneous and 
much clearer than the original homogenates after incubation 

Microbiological assay 

Detailed techniques of microbiological assay using a 96- 
well microplate reader have been reviewed.27x35 Readers are 
encouraged to refer to these reviews. Usually, 10 to 100 yL 
of enzyme treated samples, depending on the folate content 
of the samples, can be placed in the first well before serial 
dilutions. The mean folate values are used for the final 
calculation based on at least two duplicates that are within 
the linear portion of the standard response curve. 
5Formyltetrahydrofolate (5-HCO-H,PteGlu, calcium salt, 
Sigma Chemical) is used as a standard.“’ 

Conclusion 

The procedures for the various methods of food folate 
determination have been reviewed. It is now apparent that 
trienzyme treatment prior to folate determination is essential 
to obtain the true folate content in foods. Trienzyme 
treatment is performed using a-amylase and protease for the 
extraction of folate trapped in or bound to protein and 
carbohydrate matrices, and folate conjugase, for the hydro- 
lysis of polyglutamyl folates. It should be noted that it may 
not always be necessary to perform all three enzyme 
treatments for every single food item. The conditions of 
enzyme treatment, including pH and incubation time, are 
required to be optimized for each food. The use of trien- 
zyme treatment is currently in its infantile stage, and it 
should become more refined and specific as more investi- 
gators are involved. It may be wise to perform trienzyme 
treatment on a mixed diet representative of a single meal or 
one-day menu rather than single food items. Even though 
these processes are extremely laborious, time consuming, 
and admittedly scientifically unstimulating, it is essential 
that food folate tables more reliable than are currently 
available be established. This information is fundumentull~ 
important for the estimation of appropriate dietary folate 
intake. 

In summary, we suggest that the method of trienzyme 
treatment be used to obtain the maximum content of folate 
in each food item for reliable food folate tables. This is 
needed more than ever because recent investigations have 
indicated that certain diseases can be prevented by increas- 
ing dietary folate intake, by use of fortifying cereal-grain 

J. Nutr. Biochem., 1998, vol. 9, May 291 



Methods of Nutritional Biochemistry 

products with folic acid or supplementing the vita- 
min,1-5,69*70 and that a significant segment of a certain 
population appears to have inadequate folate nutriture.’ 
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