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Introduction 
The classical Lane-Eynon method for the determination of 

invert sugar has served well for many years. -But the time con­
sumed for the analysis places an extreme burden on the labora­
tory when studies are made that require evaluations on several 
samples. 

The TTZ reaction with reducing sugars can provide an al­
ternative procedure that is Ear superior to the Lane-Eynon for 
speed, and is no less accurate. The reagent 2,3,5-triphenyltetra­
zolium chloride is reduced to an insolublf red compound, forma­
zan, under alkaline conditions, heat and in th e presence of re­
clucing sugars (1)2: 
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C nder certain conditions, the amount of formazan produced 
IS proportional to the amou nt of reducing sugar. The" com pound 
is soluble in organic solvents, such as isopropanol, to give a 
dear, red solution that can be measured colorimetrically. 

Mattson and Jensen (2) applied the reaction to the deter­
mination of glucose, fructose and lactose in nonsucrose solu­
tions. Carruthers and Wootten (3) and, later, Bichsel (4) 
studied the TTZ reaction and es tablished conditions for the 
rapid determination of invert sugars in factory juices with an 
accuracy at least as good as with the Lane-Eynon procedure. 

The present studies have lead to basic modifications of the 
method that further reduces manipulation time and circumvents 

1 Research Chemist, Holly Sugar Corporation, Colorado Springs. Colorado. 
.2 Numbers in parentheses refer to literature cited . 
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certain potential sources or error: no pretreatment of juice 
sample is required; no turbid solutions develop to require filtra­
tion ; careful timing of the reaction is not required ; an acid 
barricade of the reaction at a specified time is not necessary ; 
no extreme care is required in preparing reagents; all simple 
reducing sugars give the same amount of reaction to simplify 
preparation of standards; and addition of sucrose to standards 
is not required since a permanent correction curve for sucrose 
is established with such accuracy that "pure" sugars can be 
examined for contamination 'with reducing materials. 

The Method 
Materials 

6" X %" pyrex test tu bes. 
#2 rubber stoppers. 
Metal test tube racks. Preferably for two rows of test tubes. 
Boiling water bath. 
Suitable flasks . For reage nt, standards and pre-dilution of 

sample if required. 
Suitable burettes. 25 or 50 ml. For reagent addition and for 

addition of water when dilutions are made directly in the re­
action tube. 

Suitable pipettes. 5 ml pipettes are suitable if a full 2 ml 
of sample is being used. For most fractional deliveries a 2 ml 
pipette is satisfactory. For very small deliveries, a 0.2 ml pipette 
is preferred. 

Colorimeter. 

Reagents 
TTZ stock sol'n- l.O % solution in about .005N HC!. Stable 

for several weeks. 
NaOH stock-0.5N NaOH in a 1-2% disodium versenate 

solution. Stable. 
Working reagent-Make a 1: 1 mixture of the TTZ stock 

and NaOH stock. Stable about 8 hrs. 
Solvent-Acidified, dilute isopropanol. Mix 1000 ml of iso­

propanol with 200 ml of distilled water and 10 ml of concentrated 
HC!. 

These components can be varied somewhat. Requirements 
are that there be sufficient isopropanol to dissolve the formazan; 
sufficient water to keep sugar in solution; sufficient acid for de­
cided acidification. 

Standard invert stock- The usual Lane-Eynon stock standard: 
9.5g sucrose in 100 ml distilled water plus 5 ml concentrated 
HC1 ; allowed to stand 2 days at room temperature; then made 
to 1000 ml. Contains 10 mg/ ml of invert. 

... 


http:stock-0.5N
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Pure crystalline dextrose or levulose may be used if desired. 
Working standard- Make a 1/ 100 dilution of the stock stand­

ard. Contains 0.1 mg/ ml. 
If the working standard is used to "spike" unkno'wn sugars 

or sugar solutions it is preferred that it be neutral: Dilute the 
acid Lane-Eynon stock I: I with 0.062N NaOH; dilute this neutral 
solution 1/50. 

Procedure 
1. EsLablish standard curve. 

Into a duplicate series of racked test tubes deliver a series 
of aliquots of the working standard to provide 0.05 to 0.2 
mg of invert-i.e., from V2 ml to 2 ml. 

Make to a final volume of 2 ml with distilled water. 

Add 1 ml of working reagent to each tube. Mix by shaking. 

Stopper the tubes loosely to minimize evaporation. 

Place the racked tubes in the boiling water bath for five 


minutes. 
Remove to a cold ,·vater bath until cool. 
Add 20 ml of solvent when convenient. 
Read % transmittance at 480 millimicrons, using distilled .. water to set 100% transmittance. This may be done at leisure . 
Plot standard curve on 2 cycle semi-log paper. Deviation 

from a straight line will occur only in a region below about 
0.05 mg. Figure I shows a typical standard curve with mg of 
invert (right hand scale) plotted against % transmittance. 
One or two points on the curve should be rechecked each 
day. ­

A. new curve should be established for each batch of TTZ 
purchased. 
2. Pnknown juice samples. 

Follow the same steps as described abol'e for standards. 
Aliquots may be as little as 0.1 ml on some raw juices. Final 
sample volume must always be made to 2 ml. 

Translate transmittance to mg of invert from the standard 
curve. 

Make the proper sucrose correction if highest accuracy is 
desired. The correction curve for sucrose is found in Figure 
5 of this paper, and should be imposed on the same graph 
as your standard curve. 

Reproducibility 
Single tubes sometimes show more varIatIOn than desirable; 

hence this lab. makes all analyses in duplicate. 
Reproducibility depends almost entirely on the accuracy of 

sample delivery. 'Nhere deliberate errors in sample delivery was 
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5%, the values indicated were in error by about 10%. However 
deliberate errors of 10% in the reagent volume had no apparent 
effect on the determination. 

In a series of 38 duplicated tests, deviations from the standard 
curve were greater and more frequent when standards were de­
livered from a 50 ml burette than when delivered from a 2 ml 
pipette. Maximum deviation was 2.5% to either side of actual 
value. 

Despite this, surprisingly consistent results can be obtained 
with 0.1 ml samples delivered from 0.2 ml pipettes. 

Accuracy 
Other workers have found the accuracy of th e TTZ deter­

mination comparable to that of the Lane-Eynon (3). 
In the present investigations values found by this procedure 

were in good agreement with Lane-Eynon determinations pro­
vided comparisons were made on juices with identical pre­
treatment. 

Leading and deleading, as stipulated in the Lane-Eynon pro­
cedure, results in lowered values for both the Lane-Eynon and 
TTZ methods. "Whether this is because of elimination of re­
ducing substances other than sugars might be debated. The 
amount of lead used influences the extent to which values are 
lowered . Heavy leading of diluted molasses, or other juices, has 
caused up to 50% reduction in invert value as determined before 
treatment. 

When a known amount of standard was added to molasses 
and followed with heavy leading and delcadingo, the entire amount 
of originally indicated invert was nullified in adc.lition to 4% 
of the added invert. 

It seems probable that invert content may be more accurately 
represented by values found on untreated juices. 

Developmental Observations 
Reaction Time 

The family of curves in Figure 1 shows the relative rCites at 
which various reducing sugars attain peak color. , ,"hen time of 
reaction (left-hand scale) was plotted agoainst % transmittanre. 
all simple reducin!l sug'ars had reached the same point of mini­
mum transmittance in 3-4 minutes. Each monasaccharide reaches 
this equilibrium point at a different rate. 

By trarislating from time to percent transmittance (for a 
selected sugar) then to the standard curve in Fi!ture 1. it is 
seen that mannose is only about 40% reacted in 90 seconds and 
61 % reacted in 2 minutes. The fructose reaction is much more 
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rapid, being 84% complete in 90 seconds and 97% complete in 
two minutes. Other reducing sugars, or their mixtures, show 
intermed iate rate paths. 

After minimum transmittance is reached, the color equilib­
rium is maintained for some time. Figure 1 shows equilibrium 
up to 10 minutes. However, color reversion can begin after 
about 7 minutes with low concentrations of invert; weaker con­
centration of alkali; or weaker concentration of TTZ. 

Nevertheless, the time element is far from critical; and dif­
ferent ratios of reducing sugars cannot effect the determination. 

Other Sugars 

Melibiose, the galactosyl glucose component of raffinose, shows 
- on a weight basis-57% as much reaction as the reducing 
monosaccharides. Lactose is also shown, in Figure 1, as a matter 
of interest. This is also a galactosyl glucose, but it gives a 70% 
reaction. Apparently there is a difference in ease of hydrolytic 
cleavage of the two linkages. 

Free g-alactose shows some reducing power. Its reaction equi­
librium is reached after a full five minutes with 60% reaction. 

The existence of galactose or melibiose in juices-at least 
in interfering amounts-would not be expected unless raffinose 
has undergone cleavage during the reaction. If raffinose cleavage 
should occur, however, fructose would be split off first and con­
tribute to the reaction. 

However, raffinose does not react significantly. 20 - 100 mg 
of raffinose-an amount many times that ever encountered in 
juice samples-had to be "spiked" with invert to reveal a re­
action of 0.03%. 

3. RIIIOSE 
" . GLUCOSE 

.10 ~ 

Figure I.-Relative reaction rates of reducing sugars at 95 ° C (left 
scale). 
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Small amounts (0.2mg) of mannitol or inositol showed no 
detectable reaction. 

Sucrose gives a slight reaction and usually should be con­
sidered. The sucrose subject will be discussed in more detail 
later. 
The Alkali 

All alkalies appear to have a concentration range that give 
the same amount of color for a given invert and TTZ concentra­
tion. Figure 2 shows that NaOH concentration can be varied 
from about 0.15 to 0.3N (as Ys of the total reaction mixture) 
without gTeatly effecting color intensity-regardless of invert con­
centration or quality of TTZ used. . 

Both Na 2C03 and Na :1 PO,j show the same phenomenon. Again 
used as Ys of the total reacting volume, sodium carbonate had 
a minimum effect range of 0.3 to l.ON and required about 7 
minutes reaction time. Trisodium phosphate had an optimum 
range of 0.3 to 0.6N with 4-5 minutes required to attain peak 
color. 

The same standard curve was obtained with each of the three 
alkalies individually or in combination (NaOH used as 0.2N; 
Na2COg and NaSP04 used as 0.45N). Color intensity was not 
effected when small amounts of NaHCOa were added to the 
NaOH or Na2C03 - NaOH combination. 

Weak alkalies require much longer heating periods to attain 
peak color. Sodium bicarbonate, for example, required about 
30 minutes, and results were not as reproducible. When weak 
alkali concentrations exceeded the optimum range, the peak 
color attained was less than that produced with the optimum 
concentration-the effect was the same as when too little alkali 
IS present. 
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Figure 2.-The minimum effect range of alkali concentration wilh 
two different batches of TTZ. 
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The minimum effect range can be influenced somewhat by 
the particular batch of TTZ being used. This is also demonstrated 
in Figure 2. Batch C, used with a O. I mg standard, allowed a 
narrower optimum range and increased the slope of the curve. 

However, by translating the transmittance values of different 
normalities to the standard curve, it is seen that a sizeable devi­
ation in normality can be tolerated withoul appreciably effecting 
final results of the determination. 

The TTZ Reagent 


Stability 


TTl in aqueous solution produces formazan rather rapidly 
on exposure to ultraviolet or even direct sunlight. This vulner­
ability is increased under alkaline conditions. In fact , strong·Jy 
alkaline conditions cause very rapid degTadation of TTl 'with­
out U. V. catalysis. On the other hand, slight acidification with 
HCI maintains the tetrazolium structure and no formazan is,. 	
produced. Consequently a very small amount of HCI in the 
TTl stock solution (about O.OOSN) will stabilize the solution. 
The minute change in NaOH normality that results in the final 
reaction mixture is too small to effect the reaction. 

Behavior 

The TTl reagent was soon found to vary in strength from 
one purchase to another. The most extreme deviation was found 
in "Batch C"-shownin Figure 2 to be rather weak. Repeated 
attempts at recrystallil.ation failed to alter its reactivity even 
slightly. 

It was found necessary to establish a new standard curve for 
each purchase of TTl. 

FiQ;ure 3 shows that 1<lFge increments in TTl concentration 
(left-hand scale) cause only small increments in maxi"mum color 
intensity with any concentration above about O.:l% TTl in % 
of the reaction mixture. 

A standard curve can obviously be constructed for any TTl 
concentration, as shown in Figure 3. However, continued heat­
inQ at the weaker concentrations of TTZ causes color reversion 

.. 	 to be~in more quickly-especially with small amounts of invert. 
Aside from this , Figure 3 shows that a difference of 0.1 % in 
TTl concentration effects transmittance by only about 1.0%. 
Error in indicated invert value would be abuut 2.0%. Obviously 
no great care is required in making up the TTl reagent. 

The level selected for the method corresponds to the 0.5% 
level in Figure 3. 
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Figure 3.-Effect of TTZ concentralion-l ml std. + 1 ml 0.25N. 
NaOH + I ml TTZ reacted 6 min, diluted with 20 ml isopropanol-HCI. 

Ionic Interfe1'ence 
Du ring 1963 when the method was being lIsed in the field, 

a marked inhibition of the reaction was noted. This effect was 
traced to commercially bottled distilled water that was being 
used to make up standards, reagents, and sample dilutions and 
found to be caused by minute traces of copper. Disodium ver­
senate added to the reaction restored it to full intensity. 

It was found that traces of Cu++ could completely inhibit 
the reaction but that essentially total reaction could be restored 
with versenate. 

Pb++ or Zn++ gave small inhibitions at 25 ppm that were also 
completely eliminated vvith disodium versenate. 

At 25 ppm, Fe+++ showed no interference, but Fe++ gave a 
slight positive reaction that was prevented with the sequestering 
agent. Larger amounts of Fe++ gave intense, and immediate, posi­
tive interference that could not be eliminated. 

However, the incorporation of 1-2 % disodium versenate in 
the caustic fraction of the reagent mixture would apparently 
overcome any interferences that might be encountered in beet 
juices. 

T empe1"ature 
At low temperatures the reaction equilibrium occurred at 

lower color peaks and more time was necessary to reach the peak. 
In Figure 4, 0.1 mg of invert was used with different amounts 

of sllcrose. In the left half of the fig'ure the equilibrium peak­
with no sucrose present- was at 58% transmittance when the 
reaction temperature was at 70 °C. At 95°C the peak was at 
34% transmittance. The peak was at 49% transmittance with 
a 75 °C temperature. 
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As high temperatures were approached, the effect became less. 
Small variations around the 95 °C point had no measurable effect. 
It appears that normal barometric fluctuations would not change 
the boiling bath temperature sufficiently to distort results. 

Su£rose 
In Figure 4 it is seen that large amounts of sucrose, in solu­

tion with 0.1 mg of invert, have strong initial inhibiting effects. 
The inhibition, in the first seconds of: reaction, is stronger with 
500 mg of sucrose than with 100 mg. As time of reaction pro­
gresses, the inhibition is overcome. It is overcome more rapidly 
at high temperature than at low temperature. And it is overcome 
more rapidly at higher alkalinities. 

Figure 4 sho·ws that alkaline hydrolysis of the sucrose con­
tinues to contribute additional invert to the reaction, but at 
a decreasing rate. At the higher caustic normality and higher 
temperature, values with different sucrose concentrations are be­
ginning to plateau in their proper relative positions after 5 
minutes reaction time. The plateau is not as sharp with high 
SLlcrose levels; more attention should be given to timing the 
reaction where large amounts of sucrose are involved. 

It is also apparent that the color contribution per unit of 
sLlcrose would not be arithmetically linear. Indeed it was found 
that apparent invert formation from sucrose, under conditions 
of this test, is a linear function of the log of sucrose concentration. 

.:! ~ N. "'.100" ... 5 113 Of' "[ACTION "'I)(T~. .1& N. N,t.OH AS lIJ Of R[ACTION II.IXTU"(. 

;: . 
~ 8 

.. 
 O~~:~:~~~~~:-7~~~~~----~.~~a~~~.'.~.~.~~--~ 
"A. TIiIIAHSWITTANCI: 

Figure 4.-Sucrose effect on color under conditions of varying time, 
concentration, temperature and alkalinity. 

Many sugars were evaluated to establish this and only two 
absolutely invert-free sugars were found. One of these, Sugar 
D in Figure 5, is seen to give a straight line when apparent mg 
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of invert was plotted against the log of concentration from 10 
to 1000 mg. (Obviously all samples were carefully "spiked" with 
invert since values are below the 0.05 mg limit for accurate 
evaluation). 

Figure 5 also shows several other sugar samples evaluated at 
two or more concentration levels. The most striking of these is 
Sugar A-a "deteriorated" silo sample. 

This sample was evaluated at various concentrations-with 
or ,,,,ithout added standard. The invert values obtained were cal­
culated as % on sucrose. The apparent percent invert on sugar 
decreased as concentration increased . For example, 300 mg of 
Sugar A showed about 0.176 mg of invert-as inteiputed from 
the standard curve-which would be 0.059% on sugar. At 100 
mg- the % indicated would be 0.072 ; 30 mg of sugar showed 
0.027 mg of invert- or 0.09%. 

vVhen Sugar D was found, this behavior could be resolved. 
If Sugar D is invert free- its invert value at any concentration 
represents the contribution of sucrose itself to the reaction. Any 
value from a sugar thClt is additional to this is actual reducing 
SUQ;ar in the sucrose and would calculate to the same percentage 
value regardless of concentration used. 

Thus: 

I. 	 Apparent invert from unknown - apparent invert from Sugar 
D = true invert. 

wt 	True invert X 100 .
2. 	 = % Invert on suo·ar. 

wt 	Sucrose " 

Fig-ure 5 shows a gTaph constructed through the mean values 
found for Sugar A in repeated evaluations for about a dozen 
different concentrations. At any sugar concentration along. this 
line, the true invert calculated to an essentially unvarying 0.047 % 
on sugar. 

As further proof, percent invert on Sugars Band C could 
be calculated at any concentration by the same simple formula. 

Obviously there are more inherent sources of error in apply­
ing- the method to sugars than to juices. The reproducibilitv 
is a bit less precise , as shown by the values found for Sugar A 
in Figure 5. Nevertheless a very reasonable accuracy is achieved, 
and the sensitivity of the method is such that differences between 
internal and external composition of sugar crystals can be 
measured 'with confidence. 

For example, Sug'ar A was washed, in a fritted funnel , to re­
move the outer 43 % of the crystals. The filtrate (Aw in Figure 
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5) was evaluated at two concentrations-260 mg and 130 mg in 
the reaction tubes. The corrected invert values showed .079 and 
.076% on sugar. 

The residual material, Ar, was then dissolved and evaluated 
at concentrations of 340 and 170 mg in the reaction. The true 
invert at these levels was .052 and .031 mg-or .015 % and .018% 
on sugar. Althoug'h the deviation for such unreplicated deter­
minations can be large, the accuracy is still sufficient to be of 
practical value. 

It is not impossible that application of the method in a study 
of deteriorated sugars might help give an ins!ght into causes of 
deteriora tion. 

FIGJRE 5 
SUCROSE DIFFERENCES IN INVERT CONTENT-SUCROSE CORRECTK)N CURVE 

.. 
A-~DET[RIOfU.T!D" 51.0 SUOA R .047 

.,0 

.... l~ 
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2 ~ N JlO. O"-SUCROSE 

Figure 5.-Sucrose differences in invert content-sucrose correction 
curve. 

Summary 
Factors influencing the TTZ reaction for invert sugars were 

investigated. Optimum conditions for each factor were estab­
lished to arrive at a simplified method giving results comparable 
to those of the Lane-Eynon procedure. Sensitivity of the method, 
and evaluation of interferences, permits reasonably accurate evalu­
ation of factory sugar for invert content. 

• 
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