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RAPID UANTITATIVE METHOD FOR 

M A N N I T 0 1  AND SORBlTOl IN 
CHROMATOGRAPHY 

THE DE 8 ERMINATION OF DEXTROSE, 

MEAT PRO'DUCTS BY LIQUID 

M. SHER ALI 
US. Department of Agriculture 

Food Safety and Inspection Service 
Field Service Laboratories Division 

Eastern Laboratory 
P.O. Box 6085 

Athens, Georgia 30604 

ABSTRACT 

A l i q u i d  chromatographic (LC) method f o r  t he  determination of dextrose,  
mannitol, and s o r b i t o l  in meat products was developed. Dextrose, mannitol, 
and ao rb i to l  were extracted from comminuted meat products with 52% ethanol. 
After f i l t r a t i o n ,  the extracts were purif ied by passing through a C Sep- 
Pak ca r t r idge  and two ion exchange r e s i n  Eoono-Columns i n  series. &er aon- 
cen t r a t ion  and f i l t r a t i o n ,  e x t r a c t s  were analyzed by l i qu id  chromatography 
using a cat ion exchange ana ly t i ca l  column and a d i f f e r e n t i a l  refractometer 
deteotor.  Homogeneously ground samples of cooked and f r e sh  sausages and 
ground beef were f o r t i f i e d  with dextrose,  mannitol, and aorb i to l  at  four 
d i f f e r e n t  concentrations. Average overal l  recovery for all t h ree  compounds 
a t  all four  l e v e l s  of f o r t i f i c a t i o n  w a s  greater than 80% w i t h  coe f f i c i en t s  
of va r i a t ion  less than 10%. 

INTRODUCTION 

Sorb i to l ,  a polyhydric alcohol,  is permitted in cooked sausages (frank- 

furters, weiners, knockwurst, e t c . )  t o  f l avor  and t o  reduce caramelization and 

charring during t h e  cooking process;  dextrose is used t o  f l avor  various meat 
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3272 ALI 

products. USDA Meat and Poul t ry  Inspec t ion  (MPI) r egu la t ions  limit the 

quan t i ty  of s o r b i t o l  i n  sausages t o  2.0 percent,  r equ i r e  l abe l ing  of t he  

product t o  show i ts  presence, and p roh ib i t  use of s o r b i t o l  i n  combination with 

corn syrup and/or corn syrup s o l i d s ,  Since dextrose and s o r b i t o l  are permiss- 

i b l e  add i t ives  i n  meat products (sausages),  a need for a s ing le ,  f a s t e r ,  and 

r e l i a b l e  method f o r  t h e i r  de tec t ion  and quan t i t a t ion  is evident.  

an isomer of s o r b i t o l ,  is not allowed i n  meat products. Because of its wide- 

spread usage i n  the food indus t ry ,  it w a s  considered p rac t i ca l  t o  include 

mannitol i n  t h i s  procedure, also. Our goal was t o  develop a simple, rap id ,  

and r e l i a b l e  method for t h e  simultaneous determination of dextrose,  mannitol, 

and s o r b i t o l  i n  meat products. 

Mannitol, 

Dextrose and s o r b i t o l  cannot be separated on conventional LC ana ly t i ca l  

They e i t h e r  coe lu te  o r  have poor reso lu t ion  (amino o r  cyan0 amino) columns. 

on carbohydrate columns. Several  gas and l i q u i d  chromatographic methods have 

been published f o r  t h e  analyses of dextrose,  mannitol, and s o r b i t o l  e i t h e r  i n  

mixed standard so lu t ions  o r  i n  var ious  products: mannitol, s o r b i t o l ,  and 

x y l i t o l  i n  chewing gums and confec t ions  by LC ( 1 ) ;  polyhydric a lcohols ,  

a r a b i t o l ,  x y l i t o l ,  mannitol, s o r b i t o l ,  and m a l t i t o l  by LC ( 2 ) ;  mannitol and 

s o r b i t o l  i n  suga r l e s s  chewing gum by LC (3); glucose, f ruc tose ,  g l u c i t o l ,  and 

mannitol by LC (4); sucrose,  glucose,  ga lac tose ,  mannose, t a lose ,  f ruc tose ,  

g lycero l ,  and mannitol by LC (5); and sucrose,  glucose,  f ruc tose ,  and s o r b i t o l  

i n  f r u i t  j u i ces  by gas  chromatography (6). 

required either de r iva t i za t ion  of sugarlsugar a lcohols  p r io r  t o  ana lys i s  o r  LC 

ana ly t i ca l  columns containing p re t r ea t ed  packing materials and use of bu f fe r s  

o r  aqueous organic mobile phases. 

t o  ex t r ac t  dextrose,  mannitol, and s o r b i t o l  from meat mat r ices  of ten  

containing salt, f lavor ings ,  c i t r i c  ac id ,  paprika, monosodium glutamate, 

an t iox idants ,  and o ther  na tu ra l ly  occurring compounds and/or in te r fe rences .  

Improved column technology enabled us  t o  analyze these sugar and sugar 

a lcohols  (glucose,  mannitol, and s o r b i t o l )  by LC without de r iva t i za t ion  and 

Most of the preceding methods 

The ex t r ac t ion  procedures were inadequate 
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DEXTROSE, MANNITOL, AND SORBITOL IN MEAT 3213 

pretreatment of t h e  packing materials and without us ing  bu f fe r s  and aqueous 

organic  mobile phases. 

column, water as t h e  mobile phase, and a universa l  de t ec to r  ( d i f f e r e n t i a l  

r e f r a c t m e t e r  de t ec to r )  o f f e red  t h e  advantages of s impl i c i ty ,  speed, and 

r e l i a b i l i t y .  

An LC method us ing  a ca t ion  exchange a n a l y t i c a l  

This paper descr ibes  an LC method f o r  q u a n t i t a t i v e  determination of 

dext rose ,  mannitol, and s o r b i t o l  i n  sausages (cooked and f r e s h )  and ground 

beef .  Recoveries from meat samples f o r t i f i e d  wi th  1.0, 2.0, 3.0, and 4.0 

percent of each sugar and sugar a lcohol  were determined. 

EXPERIMENTAL 

Apparatus 

( a )  Magnetic stirrer. - Variab le  speed, Nuova 7 (Thermolyne Sybron 

Corp.), or equiva len t .  

(b) Magnetic bar. - P l a s t i c  m a t e d ,  1 inch  long. 

( c )  Kohlrausch f l a sk .  - 100 ml (F isher  S c i e n t i f i c ) ,  or equivalent.  

(d)  Culture tube with s topper .  - 50 ml (VWR 60827-599) or equiva len t .  

( e )  F i l t e r  paper. - Folded f i l t e r  paper 18.5 cm, grade 560 (Schle icher  

and Schuel l ,  Inc., Keene, NH 034311, or equivalent.  

( f )  Solvent c l a r i f i c a t i o n  k i t  wi th  Durapore f i l ters.  - 0.45 um, 27 mm, 

but without pump and f i l t e r i n g  f l a s k s  (Waters Associates).  

(g)  C18 Sap-Pak Cartridge.  - Waters Associates.  

(h)  Polypropylene columns. - 0.8 x 4 cm Econo-Column (polypropylene 

column), holds 2 m l  of chromatographic medium and inc ludes  an i n t e r n a l  10 m l  

r e se rvo i r  (Bio-Rad ca t a log  number 731-1550). 

(i) Liquid chromatograph. - Waters Associates,  Model 244, with Model 

R-401 D i f f e r e n t i a l  Refractometer Detector,  Wisp 710B Sample Processor and 

Model 730 Data Module, or equiva len t ,  or a S t r i p  Chart Recorder. 

(j) Column. - 300 mm x 7.8 mm, 8% cross l inked  ca t ion  exchange r e s i n  

column, Aminex HPX-87C (Bio-Rad Labora tor ies ) ,  or equiva len t .  
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3214 ALI 

(k) Column heater. - Model HPLC Heater (Bio-Rad Laboratories),  or 

equivalent.  

(1) Sample f i l t r a t i o n  apparatus. - Acro LC13 disposable filter assembly 

with 0.45 micron Fluoropolymer membrane (Gelman Sciences, Inc., 600 South 

Wagner Road, Ann Arbor, M I  481061, or equivalent.  

(m) Limited volume i n s e r t s .  - Polypropylene i n s e r t  (250 u l )  (Sun Brokers, 

Inc., P. 0. Box 2230, Wilmington, NC 284021, or equivalent.  

(n)  Ion exchange columns. - Soak r e s i n s  c ( i )  and c ( i i )  separately i n  

d i s t i l l e d  water f o r  1 hour. Rinse with d i s t i l l e d  water several  times by 

decantation u n t i l  supernatants are co lo r l e s s  and pH of supernatants remains 

constant.  

onto two separate  Econo-Columns (h )  u n t i l  bed heights  reach up t o  38 mm and 14 

mm, respect ively.  Wash t h e  columns with HPLC water. Posi t ion the  ca t ion  

exchange column above the  anion exchange column t o  allow e lu t ion  i n  sequence. 

Do not le t  columns dry out. The columns are now ready f o r  use. 

Pour ca t ion  exchange and anion exchange r e s i n s  as aqueous s l u r r i e s  

REAGENTS 

(a) Absolute ethanol (200 proof).  - U. S. Indus t r i a l  Chemicals, Inc.  

(Division of National Distillers Products Corp., New Orleans, LA). 

(b)  HPLC water. - Prep. using Milli-Q Water Pur i f i ca t ion  System 

(Millipore Corporation). 

(c) Ion exchange resins .  - (i) Analytical  grade cat ion exchange r e s in ,  AG 

50W-X8, 50-100 mesh, hydrogen form (Bio-Rad Laboratories),  and (ii) Analytical  

grade anion exchange r e s i n  AG 3-X4A, 20-50 mesh, chlor ide form (Bio-Rad 

Laboratories) converted t o  hydroxyl form by washing with ca 2 volumes of 0.5N 

NaOH i n  a column at a flow rate of 1.0 m l  per minute. 

w i t h  HPLC water u n t i l  the e f f luen t  was chlor ide free (Test f o r  C1- i n  

eff luent :  Acidify sample with a f e w  drops of concd. HN03. 

1% AgNO solut ion.  White ppt i nd ica t e s  C1-1. (To prevent bac te r i a l  growth, 

r e s i n s  should be s tored i n  a r e f r ige ra to r  or i n  a cold room). 

The column was washed 

Add a few drops of 
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DEXTROSE, MANNITOL, AND SORBITOL IN MEAT 3275 

(d)  Mixed standard solut ions.  - Standard A: 20 mg each of dextrose,  

mannitol, and s o r b i t o l  per  ml. - Weigh 10 g of each sugar i n t o  a 500 ml 

volumetric f l a sk .  Add ca 400 m l  HPLC water, shake vigorously, and hold under 

running hot water t o  dissolve.  Dilute  t o  volume with HPLC water. Standard B: 

15 mg of each dextrose, mannitol, and s o r b i t o l  per ml. - Dilute  75 ml of mixed 

standard A t o  100 m l  with HPLC water. Standard C: 10 mg each of dextrose,  

mannitol, and so rb i to l  per ml. - Dilute  50 ml of mixed standard A t o  100 m l  

with HPLC water. Standard D: 5 mg each of dextrose, mannitol, and s o r b i t o l  

per m l .  - Dilute  25 ml mixed standard A t o  100 m l  with HPLC water. 

( e )  HPLC mobile phase. - F i l t e r  HPLC water through a Durapore filter i n t o  

a 2 1 f i l t e r i n g  f l a s k ,  and degas under vacuum. 

Sample Extraction 

Weigh 5.0 g of thoroughly comminuted meat product i n t o  a 100 m l  Kohlrausch 

flask. Select  a "blank" meat sample a s  a control  and f o r  spiking. Our famil- 

i a r i z a t i o n  protocol requires  f o r t i f y i n g  with 10 m l  of each mixed standard (A, 

B, C and D) per 5.0 g of samples, represent ing 4, 3, 2, and 1 percent 

dextrose,  mannitol, and so rb i to l ,  respect ively.  Add 52 ml ethanol t o  t h e  

sample i n  t h e  f lask.  

stopper,  and stir on a magnetic stirrer f o r  10 minutes a t  medium speed. 

F i l t e r  about 45 ml e x t r a c t  i n t o  a 50 m l  stoppered test tube using prepleated 

f i l t e r  paper. (Stopping point.  Refrigerate f o r  overnight stopping).  Pipet 

20 m l  f i l t ra te  i n t o  another 50 m l  stoppered test tube. Add 15 m l  pet  e the r ,  

and shake vigorously f o r  1 minute. Let stand f o r  5 minutes t o  separate  the 

layers .  

2 more times. Pass the  ex t r ac t  through a C t 8  Sep-Pak car t r idge,  c o l l e c t  t he  

e f f l u e n t s  i n  a 250 ml round bottom flask (RBF), and evaporate the  ex t r ac t  on 

a rotary evaporator wi th  a water bath temperature of 40 C. 

residue in ca 2 ml HPLC water. 

t h e  e f f luen t  i n  a 250 m l  REF. 

Dilute  t o  volume with HPLC water. Add a magnetic bar, 

Siphon the pet e the r  l aye r  and discard.  Repeat pet e the r  ex t r ac t ion  

0 

Apply t o  the  ion exchange columns, and Collect  

Rinse the f l a s k  4 times with ca 4 ml HPLC Water 

Dissolve the  
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3276 ALI 

each time and apply onto the column. Collect  all t h e  e f f l u e n t s  i n  the  FBF. 

Add 5 m l  ethanol t o  speed up evaporation. Evaporate the combined e f f l u e n t s  on 

a rotary evaporator a t  a water bath temperature of 40' C. 

Refrigerate f o r  overnight stopping.) 

on a vortex f o r  45 sec. and l e t  stand f o r  1 minute. 

a 0.45 um Fluoropolymer membrane f i l ter  i n t o  a limited volume i n s e r t  and 

stopper f o r  HPLC analysis .  

(Stopping point.  

Add 2 m l  HPLC water and stopper. Swirl 

F i l t e r  an a l iqua t  through 

With each set of samples t o  be analyzed, process one reagent blank, one 

control ,  and one blank sample f o r t i f i e d  w i t h  mixed standard C. 

represents  2% dextrose,  mannitol, and so rb i to l . )  

Determination 

(This 

Raise the  temperature of t he  column t o  75' C w h i l e  t he  solvent is pumped 

through it. Using i s o c r a t i c  conditions,  equ i l ib ra t e  the e n t i r e  system with 

mobile phase u n t i l  a steady basel ine is obtained (about 30-45 min.) a t  a flow 

rate of 0.6 ml/min and chart  speed 1.5 mm/min. 

Processor, i n j e c t  ( i n  dupl icate)  25 ul port ions of sample extracts and mixed 

standards. 

Calculate concentration of each sugar i n  t h e  sample as follows: 

height and concentration of standards,  construct  a l i n e a r  standard curve f o r  

each compound based on t h e  formula, y = mx + b, where x is concentration (%), 

y is peak height, m is slope and b is y i n t e rcep t .  

should be 2 .9900. 
set) and correct  sample r e s u l t s  f o r  t h e  running average recovery of the last  

10 acceptable recoveries.  

Using t h e  Wisp 710B Sample 

Set range a t  32X on Di f f e ren t i a l  Refractometer Detector. 

using peak 

The co r re l a t ion  coe f f i c i en t  

Calculate recovery of t he  spiked sample (included with every 

RESULTS AND DISCUSSION 

Since a universal  d i f f e r e n t i a l  refractometer detector  was used t o  develop 

t h i s  method, t h e  most d i f f i c u l t  pa r t  of t he  method was t h e  extraction/cleanup 

of matrices often containing salt, paprika, c i t r ic  acid,  monosodium glutamate, 

f lavorings,  ant ioxidants ,  and other natural ly  occurring compounds and/or i n t e r -  
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DEXTROSE, MANNITOL, AND SORBITOL IN MEAT 3211 

ferences. 

however, t he  C,8 Sep-Pak was used t o  f i l ter  i n i t i a l  ex t r ac t ,  primarily 

f o r  removing pa r t i cu la t e s .  

C,8 Sep-Pak was not capable of removing all these interferences;  

Pu r i f i ca t ion  s t ep  u t i l i z i n g  ion exchange r e s in  Econo-Columns is crit ical .  

Various chemical companies supply ion exchange resins .  Often, these r e s i n s  

are considered interchangeable or equivalent.  Our experience with r e s i n  

showed t h a t  t he  a c t i v i t y  of r e s i n  d i f f e r s  from batch t o  batch even using 

product from t h e  same company. 

i on  exchange r e s i n  columns, several  standards should be eluted t o  a t t a i n  

approximately 9045% recovery. 

comes i n  chlor ide form which must be converted t o  hydroxyl form t o  avoid 

formation of "inverted sugars" i n  the  ex t r ac t ,  i f  sample contains added 

sucrose. 

Pr ior  t o  appl icat ion of recovery sample onto 

Bio-Rad's anion exchange r e s i n  hG 3-X4A 

The ana ly t i ca l  ranges (1. 0 t o  4.0%) f o r  all three sugar and sugar 

a lcohols  were chosen t o  cover t h e  regulatory l imi t a t ion  as w e l l  as above 

and below regulatory l imi t a t ion  of so rb i to l  i n  t he  f inished product. The 

separat ion mode used i n  t h i s  method was ion exchange. Since the  method was 

developed f o r  day t o  day rout ine ana lys i s  of samples, three object ives  were 

considered i n  choosing the extract ion solvents:  ( a )  extract ion solvent should 

be inexpensive and nontoxic with no unpleasant odor; (b) solvent should 

eliminate as much soluble  protein as possible  from the  ex t r ac t ;  and (c) solvent 

should e x t r a c t  dextrose,  mannitol, and s o r b i t o l  from meat matrices. All 

these requirements were s a t i s f i e d  with 52% aqueous ethanol as extract ion solvent.  

Our ruggedness test indicated t h a t  alcohol content i n  ex t r ac t ion  solvent is 

cri t ical .  I n  addition, sample s i z e  of 5 g used i n  t h i s  method is considered 

representat ive of t he  f inished product. 

LC ana lys i s  was performed i n  approximately 30 min w i t h  basel ine separat ion 

of all three compounds. Figure 1 shows chromatograms of dextrose,  mannitol, 

and s o r b i t o l  at the highest and lowest l e v e l s  of f o r t i f i c a t i o n .  Under t h e  

conditions of t h e  method, t he  r e t en t ion  times (min) of all t h ree  compounds 
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w 
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- 
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Fig. 1 : LC chromatograms of ( A )  and (B)  mixed standards of dextrose, 
mannitol, and sorbitol at the highest and ,lowest 1,evels used 
in the method and (C) unfortified meat; (A) and (B) mixed 
recoveries of dextrose, mannitol, and sorbitol at the highest 
and lowest levels of fortifications used i n  the method. 
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DEXTROSE, MANNITOL, AND SORBITOL IN MEAT 3219 

Table 1 

Sta t i s t ica l  data of recoveries for each concentration of dextrose, 
mannitol, and sorbitol from fresh sausages: 

Concn. Number of Mean rec. SD cv 
Compound % recoveries % % % 

Dextrose 1.0 
2.0 
3.0 

12 
12 
12 

76.5 6.46 8.44 
72.2 3.98 5.51 
77.3 5.79 7.50 

4.0 12 76.3 5.08 6.66 

Manni to1 1.0 12 87.1 6.19 7.10 
2.0 12 82.8 3.01 3.64 
3.0 12 86.6 4.69 5.42 
4.0 12 83.2 4.42 5.31 

Sorbi to1 1.0 12 88.3 6.33 7.17 
2 .o 12 86.3 5.39 6.24 
3.0 12 86.3 2.93 3.53 
4.0 12 83.3 4.58 5.50 

were as follows: dextrose,  8.50; mannitol, 17.00; and so rb i to l ,  22.52. 

Occasionally a minor interference i n  t h e  region of dextrose due t o  t h e  presence 

of na tu ra l ly  occurring muscle glucose was observed. 

Recovery data were based on sausages (fresh and cooked) and ground beef 

f o r t i f i e d  with all three compounds at  four d i f f e ren t  l eve l s .  The ranges of 

concentration used i n  t h i s  method were 1.0 t o  4.0 percent f o r  each compound. 

The average ove ra l l  recovery for dextrose,  mannitol, and s o r b i t o l  at all 

l e v e l s  of f o r t i f i c a t i o n  was g rea t e r  than 80% w i t h  coe f f i c i en t s  of var i a t ions  

less than 10% as shown i n  Tables 1,  2, and 3. 

The present method is expedient, r e l a t ive ly  inexpensive, and sensi t ive.  

It is reliable for rout ine,  simultaneous determination of dextrose,  mannitol, 

and sorbitol i n  meat products and could be appl icable  t o  a va r i e ty  of other  

products with complex matrices. 
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Table 2 

Statistical data of recoveries for each concentration of dextrose, 
mannitol, and sorbitol from cooked sausages 

Concn. Number o f  Mean rec. SO CV 
Compound % recoveries % % % 

Dextrose 1.0 13 81.9 5.12 6.25 
2 .o 13 80.5 5.75 7.15 
3.0 13 82.0 4.02 4.91 
4.0 13 90.2 5.19 5.75 

Manni to1 1.0 13 
2.0 13 
3.0 1 3  

91.3 4.37 4.78 
90 .o 5.79 6.37 
90.5 3.37 3.72 

4.0 13 92.8 4.19 4.51 

Sorbi to1 1.0 13 91.7 4.89 5.33 
2.0 13 90.4 4.86 5.37 
3.0 13 90.5 3.59 3.97 
4.0 13 93.0 4.48 4.82 

Table 3 

Statistical data o f  recoveries for each concentration of dextrose, 
mannitol , and sorbitol from ground beef: 

Concn. Number of Mean rec. SD cv 
Compound % recoveries % % % 

Dextrose 1.0 12 74.9 7.45 9.95 
2.0 12 71.3 4.71 6.61 
3.0 12 72.8 4.92 6.76 
4.0 12 73.2 4.61 6.30 

Manni to1 1 .o 12 82.1 6.63 8.07 
2.0 12 83.4 5.05 6.06 
3.0 12 85.8 3.47 4.04 
4.0 12 81.7 3.46 4.24 

Sorbi to1 1.0 12 84.3 6.72 7.97 
2 .o 12 83.5 5.58 6.68 
3.0 12 86.0 3.69 4.29 
4.0 12 82.1 3.73 4.58 
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