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EFFECT OF PASTEURIZATION, EOILING, AND
STERILIZATION ON BUFFALO MILK

II.—Destormination of Hydroxymethyl Furfural
(HMF), Detoction of Maltel and Changing
in Color

I. D. Rrraar*, G. M. Er Saoex, T, R, HEran
AND A, Aep EL GEANIL

Unheated fresh milk contains free and potential HMF. The time
and temperatire of pagteurization; 63°C, for 30 min, are not sufficient
to increase their amounts, while boiling significantly increases the
potential HMY. Sterilization at 120°C. for 20 min. carries the browning
reaction to completion with the production of large amount of
free and potentinl HMF and the . browning discoloration of milk.
The temperature and time of pasteurization, boiling or sterilization
are not enough to cause the formation of maltol. Sterilization iw
the only heat treatment which gives measurable changa in color of
milk while no effect can bo ebserved after pasteurization or boiling,

The nature and mechanism of reactions during heating of milk are diverged
and complicated. However, feimation of HMF is taken as a criterion for
the first step in heat degradation of lactose. Further-more, Maltol is consi-
-dered as an Intermediate compound formed during heating of milk (Patton
1950). Whether the temperature and duration of pasteurization or boiling
cause the formation of HMF or maltol are not definitely kmown.

Therefors both free and potential HIMF and maltol were determined in
fresh, pastenrized, boiled and sterilized milk samples. The changes in color
of fresh milk due to heat treatments were also estimated.

Exzperimental and Methoed of Analysis

Morning buffzlo millc samples were collected and tested for previous
heat tieatment by the peroxidase test (Ling 1956). TFach sample was
divided into 4 parts. The first was pasteurized at 63°C, for 30 min., the
second was heated up to beiliny, the third was storilized at 12000, for 20
min,, and the fourth was left unheated and used as 2 control.

The free HMF was dotermined spectrophotometrically by the thiobar-
biturie acid (TBA) method. Tho potential HMF was determined by diges-
ting the sample with 0,03 N oxalic acid and then reacting with 0.0bM TBA

* Food Technology and Dairy Laboratory, N.E.C. and Dept. of Food Technology snd
Dairying, Faculty of Agriculture, Ain Shsms University,
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(Keeney and Bassett 1959). Maltol was detected chromatographically
(Poster and Patton 1956) using the three following resclution systems :

a) isoamyl alcohol, conc. NH,OH and water (6:3:1 v[v).-.
b) 1soamyl alcohol and 5N formic acid; (1:1 v/v).
¢) ethyl acetate, pyridine and water; (5:2:7, vfv).

Equal parts of 0,1 N Ag NOg and 0.1 N NH,0H or 0.5 N aqueous solu-
tion of ferric chloride were used as spraying reagents for the chromatograms.

The measurements of the color of milk samples followed the procedura
of Higginbottom and Taylor (1960), using a tintometer in & white cabinet.

Resulis and Discussion

Potential HMF measures the amount of l-amino-1-deoxy-2-ketoses ;
ADK (Hodge 1953) the precursor of HMF which will be formed later. Accor-
-dingly, the digestion of samples with oxalic acid will seleciively convert the
ADK to HMF.

Table (1) showed that the average values of tree HMF in fresh, Pasteuri-
zed, and boiled samples were 0.2209, 0.1951, and 0.3571 uM per litre of milk;
and 0.9401, 1.5912, and 3.4750 ubl per litre of milk for potential HMF res-
pectively. On the other hand, sterilized samples had an average of 10.4490
uM per litre of free HMF and 22.8030 uM per litre of milk as potential HMF.
Results indicated also that out of 22 untreated samples, 5 {about 22.79%.)
contained free HMF, and 14 (64%,) potential HMF. The conclusion there-
fore, was that HMF or its precursor were found in raw milk due te reasons
ought to be studied. These samples when pasteurized, their potential HMF
contents highly increased while the increase in free HMF was slight. No
free HMF was found in raw milk samples which were originally devoid of it,
when boiled. However, the potential HMF increased noticably on boiling.
On sterilization, all the samples contained high levels of free HMF and the
increase in the potential HMF was great.

TABLE !.—THE MINIMUM, MEAN AND MAXIMUM VALUES OF FREE AND
POTENTIAL HMF IN FRESH AND HEAT TREATED BAMPLES.

Minimum Mean Maximmn
Treatment
Free Potent, Free Potent. Free Potent.
Fresh ., ... .. 0.0 0.29 0.9411] 1,2068] 1,2968) 4.8126
Pagteurized . . . .| 0.0 0.0 0.1951, 1.5912] 1.0630| b.6BTH
Boiled . . ... . 0.0 0.0 0.3571| 3.4760| 3.8880| 10.17256
Stertlized . . . . . 5.2650| 12.1195) 10.4450| 22.8090| 17.4150] 36,9626
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The results in table 1, also indicated that boiling of milk would not
frec HMF and if it was present it would be in traces. On the other hand, boi-
ling would significantly increase the amount of potential HMF formed. These
-compounds were progressively intensified by sterilization at 1200C. for
20 min. Agresing with these results, Patton (1952) found that the range
-of 100° to 120° wag ecritical in the browning reaction of skim milk, Patton
(1950)* succeeded in obtaining HMF from condensed milk heated for
2.5 hours at 12700,

Therefore, the reaction between lactose and milk proteing  was most
‘probable initiated during boiling of fresh milk to at least the stage of HMF
formation, while sterilization carried the reactions to completion with the
formation of melancids. The discussion of browning discoloration of milk
samples in the present investigation and of Patton’s (1952) ascertained these
-sonclusions boiling or heating for 1 hr. at 1000C. produced no appreciable
-discoloration whereas the browning was readily evident in sterilized samples.

The formation of maltol in the browning reaction was explained by Jen-
ness and Patton (1959). All the ehromatograms were void of gpots indicating
the absence of maltol in pasteurized, hoiled, or sterilized milk. Accordingly,
the temperature and its duration in the three heat treatments were not suffi-

-cient to form maltol. Potter and Patton (1956) reported that milk receiving
limited heat treatments such as 65.6°C. for 20 min, did rot contain any mal-
“tol. It seemed that maltol would he formed by more intensive heat treat-
ment than in the present study for prolonged time namely 1200 or 1270C, for
2% brs. as reported by Potter and Patton® (1956), and Patton (1950).

Fresh, Pasteurized, and boiled samples showed no measurable color
units as determined tintometrically. On the other hand, the sterilized samp-
les gave a measurable readngs in the yellow and red units with average valnes
of 1.208 and 1.016 respectively while the mean of total units were 2.224 in
the tintometer and produced brownish discoloration. The findings of Higgin-
battom and Taylor (1960), on autoclaved bottled milk using the same method
of the estimation agreed with the present results, Moreover, the brownish
discoloration was observed after heating of milk to temperature near to
sterilization or higher for short or long periods by other investigators (Burton
1955), Burton and Rowland (1954), Nelson (1948). The browning of milk
was attributed mainly to the interaction between milk proteins and carbo-
hydrate contents of milk in Maillard type of reaction to yield polymers and
co-polymers which would end to the formation of melanoids, This combin
ing reaction, however was precaded by splitting of dioxyacetone which
would react readily by amino acids or protems to give the Schiff’s base as
explained by Krauss (1955). The latter compound by hydrolysis gives
HMF which is one of the intermediates the browning phenomenon of
beated milk as reported by Hodge (1953).
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