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B e s t i m m u n g  v o n  Z u c k e r n  und  o r g a n i s c h e n  S~uren  in m e n s c h l i c h e r  
Mundf l i i s s igke i t  unter  V e r w e n d u n g  der HPLC-Analyse  

Summary: A senMtive high performance liquid chromatography (HPLC) assay 
was developed for the qualitative and quantitative determination of carbohydrate 
sweeteners and organic acids in oral fluid. To separate these compounds, an ion- 
moderated paYtition resin HPLC column (Aminex HPX-87H) was used. All compo- 
nents of the HPLC system were interconnected using stainless steel capillary 
tubing. Isocratic elufion with 0.01 N sulfuric acid provided the profile of both 
compound classes. The compounds were detected using a refractive index detector. 
The method employed computerized data collection and integration (Omega-2 
system) with a detection sensitivity of 0.1 ~g compound per HPLC assay (80 ~1). This 
method is useful in caries research, because it detects minute amounts of sugars 
and organic acids in oral fluid during clearance studies of various foods in the 
mouth. 

Zusammenfassung: Eine empfindliche HPLC-Methode wurde ffir die qualitative 
und quantitative Analyse yon Kohlehydraten und organischen S~uren in Mundfltis- 
sigkeiten (Speichel und Zahnplaque) entwickelt. Ffir die Trennung dieser Verbin- 
dungen wurde eine Aminex HPX-gTH (Bio-Rad) Chromatographie-S~ule verwen- 
det. Alle Komponenten des HPLC-Systems waren mit Edelstahl-Kapillaren ver- 
bunden. Die isokratische Elution beider Verbindungs-Klassen erfolgte mit 0,01 n 
Schwefels~ure. Alle Verbindungen wurden mit einem RI-(Refraktion-Index-) 
Detektor gemessen. Die Ergebnisse wurden mit einem PC-gestfitztem Auswertesy- 
stem automatisch gesammelt und integriert. Die zeitbedingte Abnahme der Kon- 
zentration yon Kohlehydraten im Munde einerseits und die Produktion yon organi- 
schen S~uren durch Bakterien der IViundh6hle andererseits k6nnen mit dieser 
empfindlichen HPLC-Methode bis zu einer Genauigkeit yon 0,i [~g Substanz per 
Analyse (80 ~l) bestimmt werden. 

Key words: Sugars; carbohydrates; lactic acid; oral fluid; HPLC; glucose; _sucrose 

SchI~sseiwdrter: Zucker, Kohlenhydrate, Milchs~ure, Speichel, HPLC-Analyse, 
Glukose, Saccharose 

I n t r o d u c t i o n  

During salivary oral clearance studies of various snack foods it was 
necessary to detect and quantify minute amounts (range 0.I to 5 [~g/ml) of 
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c a r b o h y d r a t e s  (mal tot r iose ,  mal tose ,  sucrose,  lactose,  g lucose,  fructose),  
o rganic  acids  (lactate, formate ,  acetate,  p ropiona te ) ,  a n d  e t ha no l  w i t h i n  a 
s ing le  oral  f lu id  sample .  Because  a large n u m b e r  of s a mp l e s  had  to be  
ana lyzed ,  de t ec t i on  of t he se  c o m p o u n d s  u s i n g  a H P L C  t e c h n i q u e  was  the  
m e t h o d  of choice.  Neces sa ry  r e q u i r e m e n t s  for H P L C  were;  1) s epa ra t i on  
of all  c o m p o u n d s  u s i n g  a s ingle  c o l u m n ;  2) de t e c t i on  of all c o m p o u n d s  in  a 
s ing le  de tec tor ;  a n d  3) a h igh  s ens i t i v i t y  of de tec t ion .  I t  was  des i r ab l e  to 
have  a n o n - t o x i c  m o b i l e  phase  for th is  sys tem.  

Materials  and methods  

A liquid chromatographic system was constructed from commercially available 
components and interconnected with stainless steel capillary tubing (1/16" 
OD × 0.007" ID; Alltech Associates, Deerfield, Illinois, USA). 

P u m p  

A Liquid Chromatograph Series 3B dual pump (Perkin-Elmer Corp., Norwalk, 
Connecticut, USA) was used. The mobile phase used was 0.01 N degassed and 
nitrogen purged sulfuric acid (Fisher Scientific Co., Fair Lawn, New Jersey, USA). 
The system was I%in at a flow rate of 0.6 ml/min, which generated a pressure of 700 to 
800 psi (maximum pressure set to 1000 psi). 

Column 

A 300 x 7.8 mm ion exclusion column Aminex HPX-87H (Bio-Rad Laboratories, 
Richmond, California, USA) was employed. The main column was preceded by a 
40 x 4.6 mm guard column of the same type. The columns were maintained at 30 °C 
in a Column Oven LC-100 (Perkin-Elmer Corp.). On-stream injections of 80 ~1 per 
sample were made through a loop injector (Rheodyne, 175 td sample loop). 

Detector 

A Differential Refractometer R401 (Waters Associates, Morristown, New Jersey, 
USA), set to positive polarity and run at an attenuator setting of 32x was used. The 
refractive index of the eluate was determined at room temperature. The reference 
cell was filled with 0.01 N sulfuric acid. 

Standardization, data collection, and integration 

The concentration of standard compounds was 1 [~g/1 ~1. For the standardization 
curve; 5, 10, and 15 ~1 of the following compounds were injected: maltotriose, 
maltose, sucrose, lactose, glucose, fructose, lactic acid, fol°mJc acid, acetic acid, 
propionic acid, and ethanol (Sigma Chemical Co., St. Louis, Missouri, USA). After 
injection of the standard compound sample the integrator interface was activated. 
The obtained retention times are detailed in Table 1. Each HPLC analysis of 
standard compounds or extracted oral fluid sample (injection volume 80 ~1) was run 
for 24 rain. The chromatographic data were collected and simultaneously integrated 
using an Omega-2 (Perkin-Elmer, Omega-2 software V 2.5) computerized (Epson 
Equity I+ computer with interface board and high resolution Amdek monitor) data 
station connected to an Epson LQ-500 printer. The sensitivity of the computerized 
integration method allowed for a detection sensitivity of 0.1 !~g substance per HPLC 
assay. 

Procedure to obtain oral fluid samples 

Oral fluid samples (composed of dental plaque, saliva, and food remnants) were 
absorbed from five different caries-susceptible tooth sites using sterile paper points 
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(Absorbent  Points,  No. 2717 coarse, J o h n s o n  & Johnson ,  E. Windsor,  New Jersey,  
USA). With the  aid of  s e l f  locking denta l  pliers individual  paper  points  were  
in t roduced  be tween  the  in te rp rox imal  surfaces of; the  last two tee th  present  in the 
lower  r ight  quadrant ,  the  in te rp rox imal  area of  the  last two tee th  of  the upper  left  
quadrant ,  the  occlusaI surface of  the  last too th  present  in the  lower  left  quadrant ,  
the  occlusal  surface of  the  last tooth  present  in the upper  r ight  quadrant ,  and finally, 
on the  l ingual  surface of  the  last too th  p resen t  in the  lower  r ight  quadrant .  Each 
paper  point  was a l lowed to fully absorb the  oral fluids, and finally, all 5 points  used  
were  pooled  in a single snap-cap vial  (1.5 ml, No. 72.690, Sarstedt ,  Pr ince ton ,  N e w  
Jersey). On  average,  the  five paper  points  had  absorbed approx imate ly  60 m g  of oral 
fluid. The oral spec imens  were  immed ia t e ly  f rozen in a Revco  freezer (Revco Inc., 
West  Columbia ,  Sou th  Carolina, USA) at - 7 5  °C. 

Extraction of carbohydrates and organic acids 

The vials with the five frozen paper points were thawed at room temperature. To 
each vial, 1.0 ml of distilled water was added. The vial was then vigorously shaken at 
high speed in a Vortex mixer (Genie 2, Scientific Industries Inc., Bohemia, New 
York, USA) for I0 s. Af te r  10 to 20 min  the  sample  was shaken  again for 10 s. The  
superna tan t  was t ransferred into a 3-ml syr inge and then  fi l tered th rough  a 0.2-~m 
m e m b r a n e  filter (Acrodisc LC13, G e l m a n  Sciences,  A n n  Arbor,  Michigan,  USA). 
The  filtrate was kep t  cold and processed  the  same day by HPLC.  After  use, the  
sample  was stored, frozen, in a Revco  freezer. Af ter  an examina t ion  per iod of  more  
than  3 months ,  the  ex t rac ted  and fi l tered samples  r emained  stabile and chemica l ly  
unchanged ,  wi ths tand ing  repea ted  freezing and thawing.  No change  in the  chemi-  
cal compos i t ion  of  the  samples  was observed  due  to the  possible  p resence  of  
bacter ial  or m a m m a l i a n  enzymes  in the  oral f luid sample.  Therefore,  it was not  
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Fig. I. HPLC analysis of an oral fluid sample 30 min after eating a cookie (for 
parameters see Materials and Methods). 
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necessary to add chemical enzyme inhibitors, such as azide, to the extract. Blind 
water extraction of the paper points yielded no carbohydrates or compounds which 
would interfere with the HPLC assay. Standard compounds added to an oral fluid 
extract were fully recovered. Figure I shows a typical HPLC assay plot of an oral 
fluid sample, obtained 30 min after eating a cookie. 

Results  and d iscuss ion  

Peak retention times of standard compounds and their corresponding 
HPLC peak area are summarized in Table I. The separation of most 
carbohydrates and organic acids was excellent, except for the disac- 
charides maltose, sucrose, and lactose. Their peak retention times were 

Table i. Peak retention times of standard compunds and their corresponding HPLC 
peak area*. 

Compound Retention time HPLC peak area** 
(i0 ~g/10 ~I injected) (minutes) (Omega-2 system) 

Mal to t r iose  7.509 441371 
Mal tose  8.171 435 536 
Suc rose  8.245 679 400 
Lac tose  3.352 450 628 
Glucose  9.667 462 248 
F r u c t o s e  10.504 400 874 
Lac ta te  13.947 46 956 
F o r m a t e  14.768 196 252 
Ace ta te  16.141 233 981 
P r o p i o n a t e  19.291 341 208 
E t h a n o l  21.275 205 736 

*) 300 × 7.8 m m  A m i n e x  HPX-87H ion e x c l u s i o n  c o l u m n  (Bio-Rad Labora tor ies ) ;  
m o b i l e  p h a s e  0.01 N su l fur ic  acid;  f low ra te  0.6 m] /min  a t  30 °C; Di f fe ren t ia l  
R e f r a c t o m e t e r  R 401 (Waters) 

**) Sens i t i v i ty  of  d e t e c t i o n  0.1 ~g c o m p o u n d  (in 80 al) 

Table  2. Suc rose  c o n t e n t  of oral  f luid (30 ra in  af ter  i nges t i on  of  25 g sucrose).  

V o l u n t e e r  I n g e s t i o n  A m o u n t  (rag) a H P L C  p e a k  Su c ro s e  (~g) % S u c r o s e  
t ime  (s) of  oral  f lu id  area  b in  oral  f lu id  in  oral  f u i d  

1" 160 37.5 6174 1.135 0.0013 
2 470 81.0 59408 10.925 0.0135 
3 720 87.5 81538 14.995 0.0171 
4 590 39.0 26144 4.808 0.0054 
5 515 94.5 41 363 7.699 0.0081 
6 460 92.0 42 003 7.724 0.0084 
7 1155 81.0 53499 9.833 0.0121 
8 430 85.5 39 822 7.323 0.0036 

Ave rage  562.5 87.25 43 806 8.056 0.0093 

*) Volunteer with high salivary flow; 
a) Total amount of oral fluid obtained from volunteer; 
b) From 80 ~l injected oral fluid extract. 
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observed in the narrow range from 8.171 to 8.352 rain, with an error margin 
of 0.050 rain. Table 2 displays the sucrose content of oral fluid 30 rain after 
ingestion of 25 g sucrose by eight volunteers. The sucrose data were found 
to be similar in all volunteers. However, the effect of certain uncontroll- 
able physiological parameters, such as salivary flow, was clearly visible. 
The average amount of oral fluid collected in this experiment using the 
five paper point technique was 87.25 mg per sampling. Data on the 
carbohydrate and organic acid content of oral fluid taken 30 rain after 
eating 25 g of various foods are presented in Table 3. Each individual 
HPLC peak area shown had been averaged from eight volunteers. The 
food "jelly bean" produced the highest amount of carbohydrates in oral 
fluid. Maltose was detected only in the food "chocolate bar". In this 
experiment (30 rain sampling time) no lactose or ethanol was found in oral 
fluid. 

The main goal of this investigation was to find a HPLC system to obtain 
separation of sugars and carboxylic acids in human oral fluid using a 
single column. The primary reson for choosing this analytical approach 
was the relatively low quantity of these compounds in oral fluid samples. 
HPLC analysis was found to be superior over chemical or enzymatic assay 
for the qualitative and quantitative determination of organic acids and 
carbohydrate sweeteners in oral fluid. 

Previously, the carbohydrate content of oral fluid had been studied 
using the orcinol or gas-liquid chromatography (i) methods. Recently, 
glucose alone was determined in oral fluid spectro-photometrically (8) 
using Nelson's (4) arsenomolybdate, as modified by Somogyi (7). There are 
some excellent reviews available on the HPLC analysis of carboxy]ic acids 
(5) and carbohydrate sweeteners (6). As outlined in the introduction, none 
of the available HPLC methods were suitable for this described applica- 
tion. 

Screening  of the avai lable H P L C  ca rbohydra te  separa t ion co lumns  led 
to the select ion of Bio-Rad 's  Arninex columns.  These  types  of  co lumns  are 
es tabl i shed ion modera t ion  part i t ion (IMP) res in-based H P L C  columns.  
A m i n e x  ion exchange  resins are finely sized spher ical  beads  of s tyrene-  
d iv inylbenzene  eopo lymer  wi th  a t tached funct ional  g roups  to opt imize  
c o m p o u n d  separat ion.  A m i n e x  co lumns  are available for ca rbohydra te  
separa t ion  (HPX-87C) and  for organic acid analysis  (HPX-87H). The 
A m i n e x  HPX-87C co lumn  used  at 60 °C, wi th  water  as the  mobi le  phase,  
p roduced  excel lent  and  reproduc ib le  H P L C  separa t ion  of mono-,  di-, and  
tr isaccharides.  

The analyt ical  assay was accompl i shed  at the  same  "run", us ing  a 
refract ive index  de tec tor  on bo th  c o m p o u n d  classes (carbohydra tes  and 
organic acids), however ,  di f ferences  in peak  areas occurred  because  of  the  
dist inct  na ture  of  refract ive indices of  the  var ious  compounds .  The  
A m i n e x  HPX-87C co lumn  was not  useful  for the  separa t ion  of earboxyl ie  
acids. The  specific chemica l  m a k e u p  of  the pack ing  mater ia l  p reven ted  
separa t ion of these  compounds .  Expe r imen ta t ion  with  the A m i n e x  HPX-  
87H column,  used  at 30°C in combina t ion  with 0.01 N sulfuric acid as 
mobi le  phase,  led to excel lent  and  reproducib le  separa t ion of lactic, acetic, 
formic,  and  propionie  acid, as well  as ethanol.  This co lumn  was also useful  
for the separa t ion of mono-,  di-, and  t r isaceharides.  Use  of  the A m i n e x  



Linke and Moss, Analysis o f  sugars and acids in oral fluid 153 

HPX-87C co lumn at temperatures  of  60 °C or higher  resulted in a better 
separation of  disaccharides,  but  led to a b reakdown of sucrose into glu- 
cose and fructose. 

The use of  c o m m o n  stainless steel tubing (1/16" OD × 0.030" ID) pro- 
duced  a large dead volume of  the H P L C  system, result ing in a lower 
sensitivity of the assay. However,  by  using stainless steel capillary tubing  
(1/16" OD x 0.007" ID) for the interconnect ion of the system components  
the sensitivity of the H P L C  analysis was increased approximate ly  tenfold. 

Because the carbohydrate  content  of oral fluid (plaque, saliva, food 
remnants)  varies to some extent  within the h u m a n  oral cavity, a serious 
problem arose dur ing the deve lopment  of the procedure  to obtain and 
prepare a representat ive oral fluid sample for H P L C  analysis. Organic 
acids are p roduced  by  bacterial fermentat ion of  carbohydrates ,  mainly 
within dental  plaque after food intake. The sampling technique using 
paper  points as described under  Materials and Methods was found to be 
superior. This sampling and preparat ion technique provided reliable and 
reproducible  carbohydra te  and organic acid data, a prerequisite for com- 
plex oral food clearance studies. 

Because no interference was observed due to bacterial or mammal ian  
enzymes  in the oral fluid sample, use of chemical  enzyme inhibitors, such 
as azide, was not necessary. More than 500 oral samples were analyzed 
using this H P L C  method.  Different techniques of  data integration elec- 
tronic (Omega-2, Chrom-Perfect)  as well as manual,  p roduced  the same 
relative analytical results. As can be seen from Table 2 the quanti tat ive 
data were affected by  the phys io logy of  the part icipating volunteers.  
Increased salivary flow and t ime needed to ingest the standardized food 
sample visibly influenced the analytical results of volunteer  1. 

The new H P L C  method  was made  almost  fully au tomated  by adding a 
computer ized data collection and integration system. Commercial ly  avail- 
able hardware  componen t s  were used in combinat ion with Perkin-Elmer 's  
data collection interface board and Omega-2 software (V 2.5). After manua l  
injection of the sample the pr intout  of  the analyzed data was available 
after a 24-rain running  time. Some analytical data from the oral fluid 
samples were publ ished earlier (2, 3). Figure 1 shows an original HPLC 
analysis of oral fluid 30 rain after ingestion of  a cookie. This plot is 
representat ive for the reported H P L C  method,  which provides a simple, 
reliable, and rapid analytical assay for sugars and organic acids in oral 
fluid. 

tn conclusion,  this HPLC method  allowed for separation and detect ion 
of  both carbohydra te  sweeteners and organic acids (and ethanol) in oral 
fluid. This task was accompl ished using a single ion exclusion co lumn in 
connect ion with a refractive index detector, with a detect ion sensitivity of 
0.1 ~g c o m p o u n d  per H P L C  assay. 
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