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SUMMARY

~ Chan
sium con

%

es were determined in total and water-soluble calcium and ma
ent and in the pectic substances of Bartlett pears durin
and storage. The data indicate a change in metabolic
is removed from the tree. In maturing fruit, about 48

%_ne-

% maturation
B/rocesses when the fruit
0

of calcium and 65%

of magnesium are present in soluble form. Both cations generally decreased
during maturation. The Mg/Ca ratio varied with growing conditions and may
be related to soil composition. The data indicate that marc, total pectin, water-
soluble pectin, total calcium, and total magnesium are correlated with firmness.
The relationship of soluble calcium and magnesium to firmness is radically
different in detached fruit from that in fruit on the tree. Analyses of data indi-
cate that the “bound” calcium and magnesium are present in concentrations
far greater than the total available carboxyl groups of pectin, and that proto-
pecin content is not related to calcium- or magnesium-bound pectinic acid
chains. In detaching ripening fruit, when a general breakdown begins there
is @ good correlation of all data with firmness.

INTRODUCTION

The softening of deciduous fruit tissue
during ripening’on the tree js accompanied
by an” inCrease” in water-soluble pectic sub-
stances, a decrease In_protopectin_content,
originally. reported by Frem,¥, (1848), and a
decrease” in degr_ee Of esterification and (e-

ree of pollym rization of extracted pectins

Kertesz, 1951; Hulme, 19583. The older

ata reported, however, are incomplete even
for the more W|dgly mvestlﬂated apgle fru,
and indicate trends rather than clos
tative correlations. Typical of such
Is that of McCready and McComb 9954)’
who reported that’ exiractable pectin in-
creased from 39% in unripe pears to 60%
In ripe fruit, that degree of esterification
decreased. from 89% to 43%, and that in-
trinsic viscosity of extracted pectins de-

uant-
rends

“Now in Department of Nutritional Sciences,
University of California, Berkeley.
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creased from 6.0 to 15 Complete quantita-
five data on the transformatl?_n of proto ec}m
Into pectins, however, are_limited even, for
apples, and only a few detailed investigations
with pears have been reported (Wedlrman,
1952). Date and Hansen (1954) invest-
gated changes occurring, in pectic constity-
ents of thrée varieties Of pears during cold
storage and reporteq ripening to be accom-
Pamed by Increase In Doth rotoP_ectm and
total pectin. Increase in total pectin content
In pears during i enln% was also reporte
oy Yaguboy (I 583 , Who reported an'initja
Increase followed by decrease as pears rip-
ened for Six varieties investigated. ' Increases
In soluble pectin content and decreases in
grotoPectm tcontent,fluctuate ve{PI frequentlg,
nd these fluctuations are usually greater
than can be accounted for by, experimental
error (Hulme, 1958). The “insolubility of
rotoRectln IS bellfve_d t0 be. d\Je t0 [he
resence, particularly in the middle lamella,
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of pectinic acid micelles, ionically bound by
cations such as Cat; Mo+ of Fett In
early investigations, both Calcium and mag-
nesium weré” observed in Plant EISSUG and
In the Pectms extracted: later, ong calcium
pectinates were believed to occyr, Published
data are considerable on the calcium content
of fan tissue, and limited on the occurrence
of other cations assoclated with pectinic acids
(Hulme, 1958). There is only one known
reference, however (Jacquin, *1958), Inql-
catln? that the ratio  of Ca/l\/l,[q may be
affected by the composition of soif

. To obtain more information on the factors
influencing the firmness of pear fruit, investi-
gation was made of chan([;es In the pectic
Substances during mauration on the tree
and In storage, and of ripening in relation
to the contént of total and Wwater-soluble
calcium and magnesium, The data are re-
Ported herein and are discussed In relation
0 ripening and to decrease in firmness.

EXPERIMENTAL

Preparation and analysis of pear tissue. Two
sets of Bartlett pears were prepared: freshly har-
vested pears, to determine changes during growth;
and detached fruit held in cold storage and sub-
sequently ripened, to determine postharvest changes
during storage.

Two hundred and fifty pears were labeled in
early June with numbered tags. On each weekly
harvest date, 25 fruits were harvested in numerical
sequence. For example, on the first date, samples
marked 1, 11, 21, 31, etc., were harvested. On
the second date, 2, 12, 22, 32, etc., were harvested.
In all, 10 harvests were made. The harvested
pears were arranged on the table in numerical
order, and the largest diameter of each fruit was
measured. While the fruits were lined up, every
other pear was removed to obtain a representative
sample for pectin determination. The remaining
pears were used for further chemical analysis. In
addition to diameter and weight, flesh firmness of
fruit tissue was determined with a Magness-Taylor
type of pressure tester. The fruit used in storage
investigations was held at 41°F for various periods
and then ripened at 68°F. The cold-storage experi-
gnzeonFts also included long-term storage at 41 and

Analyses were made for the following constitu-
ents ; soluble solids, total solids, total and soluble
calcium and magnesium, tannin, alcohol-insoluble
solids, total and soluble pectin, methoxyl, acetyl,
and total esterified pectin.

CALCIUM AND MAGNESIUM CONTENT OF PEAR FRUIT TISSUE

Calcium and magnesium content. The fruit used
for calcium, magnesium, potassium, and phospho-
rus analyses were gently scrubbed in tap water,
rinsed with distilled water, and wiped dry. For
determination of calcium and magnesium, a 200-g
sample was comminuted for 5 min in an electric
blender, and the slurry was transferred to a 500-ml
volumetric flask. The air was removed by gently
rotating the contents of the flask while under re-
duced pressure. Since the specific gravity of the
slurry was close to that of water, differing by less
than 0.5%, aliquots were withdrawn on a volume
basis. For the analysis of the slurry, 200 ml were
withdrawn during continuous agitation of the
contents of the flask. The remainder of the slurry
was centrifuged and the supernatant portion fil-
tered through No. 1 Whatman paper. Both the
slurry and the filtrate were evaporated and ashed
in Vitreosil dishes (Esau, 1961). The ash was
analyzed for calcium, magnesium, and potassium
by the modified flame-photometer method described
by Brown et al. (1952). Portions of the above
fruit in sliced form were also ashed and analyzed
similarly.

Tannin content. The tannin-like material was
determined on a sample of fruit flesh obtained
from peeled and cored fruit prepared and analyzed
by the procedure of Leonard et al. (1954).

Preparation of marc (alcohol-insoluble residue).
The alcohol-insoluble solids from the pears were
prepared by a modification of the procedure of
Postimayr et al. (1956) and Gee et al. (1958).
After quartering and removal of the core, the blos-
som end, and the stem fibers, 500 g of fresh pear
tissue were weighed out and, without delay, thinly
sliced with a stainless-steel knife into 650 ml of
boiling acetone to give a final concentration of
about 60% acetone. Boiling was continued for 30
min under reflux. The contents of the flask were
then transferred to a glass jar and stored at 32°F
until further use.

The acetone was discarded before further proc-
essing, and the sliced fruit was comminuted for
1-2 min to 70% ethanol in an electric blender.
After filtering through No. 1 Whatman paper on
Buchner funnel, the pulp was washed twice with
70% ethanol. The pulp was filtered drip dry and
then transferred to a beaker, covered with a mix-
ture of 700 ml of 95% ethanol, 250 ml water, and
50 ml HC1, and stirred with a mechanical stirrer
for 1% hr. After the acid treatment, the slurry
was filtered through a fresh filter paper and washed
on the funnel with 70%- ethanol until free of
chlorides. The chloride-free pulp was covered with
acetone, stirred in the funnel, and set aside to
drip, and this procedure was repeated once more.
The pulp was then transferred to a beaker, cov-
ered with acetone, and set aside overnight to
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remove residual alcohol and salts. Next day, the
acetone was filtered off and the pulp dried at 37°C
until the following morning to remove organic
solvents.

The final product was almost paper-white, its
ash content was about 0.15%, and the total cation
content amounted to 18-20% by weight of ash.
The dried marc was weighed and set aside for
24 hr to pick up atmospheric moisture to facilitate
grinding in a mill, such as Wiley, to pass a 40-mesh
screen. Some very fluffy material did not pass
through the screen. To avoid fractionation of the
marc, the material remaining in the mill was
added to the ground sample and mixed well.

Analysis of pectic constituents in the marc. The
total pectin content was determined by the Versene-
pectinase procedure of McCready and McComb
(1952). A 0.5-g sample of marc, dampened with
1-2 ml of purified ethanol, to facilitate dispersion,
was mixed with 150 ml of 0.5%, solution of reagent-
grade disodium Versenate, adjusted to pH 115
with 2V NaOH and stirred on a magnetic stirrer
for 2 hr. The pH was then adjusted to 5.0 with
50% acetic acid, 2 ml of 10%, solution of Pectinol
R-10 was added, and the mixture stirred again
for 2 hr. The mixture was then transferred to a
250-ml volumetric flask, made up to volume, and
filtered, and 10 ml of the filtrate was diluted to
100 ml. Two ml of this dilution were used for
the carbazole procedure. The protopectin content
of the marc was determined by first removing
water-soluble constituents by four successive ex-
tractions with water. A 0.5-g sample of the marc,
dampened with © ml ethanol, was weighed into a
250-ml flat-bottom centrifuge cup, covered with
100 ml water, and stirred on a magnetic stirrer for
2 hr. The mixture was centrifuged after de-aera-
tion under vacuum for 1-2 min to facilitate sedi-
mentation. The water extract was then siphoned
off and discarded. The residue was extracted three
more times, at 2-hr intervals. After the last extrac-
tion, two drops of toluene and 100 ml of water
were added to the residue, mixed, and stored over-
night. Next day the sediment was stirred up and
centrifuged, the water extract discarded, and the
residue, from this point, treated as the sample for
total pectin determination, omitting the 1-2 ml
alcohol. After addition of Pectinol, the mixture
was then transferred to a 250-ml volumetric flask,
with 2 drops of toluene added, stored overnight,
filtered next day, made up to volume, and analyzed,
as ¢jr total pectin.

The Versene-soluble pectic substances were de-
termined by first extracting with water 0.5-g por-
tion of the marc as described under protopectin;
then the centrifuged residue was transferred with
100 ml of 05% Versene solution into a 250-ml
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beaker, the mixture adjusted to pH 6.0, and stirred
for 2 hr. It was then centrifuged and the residue
covered with 100 ml water. This was repeated
two more times, at 2-hr intervals. After the last
extraction, the residue was covered with 100 ml
water, mixed, and stored overnight with toluene.
Next day the contents of the centrifuge cup were
washed Into a 500-ml volumetric flask containing
the previous Versene extracts and subsequent wash,
made to volume, and filtered. A 50-ml portion of
filtrate was then adjusted to pH 115, set aside
for 2 hr, and adjusted to pH 50, 2 ml of 10%
Pectinol R-10 added, and the mixture was again
set aside for 2 hr. The extract treated with
Versene and pectinase was then transferred to a
250-ml flask and diluted to volume, and 2 ml was
used for carbazole assay.

For the characterization of extracted pectic sub-
stances, a 1-g portion of the marc was weighed
into a 250-ml centrifuge cup, dampened with 1-2
ml ethanol, covered with 100 ml water, mixed,
de-aerated, and stored overnight with added toluene
as a preservative. Next day the mixture was stirred
3 hr and centrifuged. The supernatant liquid was
siphoned off and passed through 10 ml of Amber-
lite 120 resin in the H form to remove the cations
that may have been extracted by water in the form
of salts. The extraction was repeated twice, at
2-hr intervals, with 75 ml water, and these extracts
also passed through the column, collected in a
250-m| volumetric flask, and stored overnight with
toluene. After the last extraction, 75 ml of water
were added to the centrifuge cup and stored over-
night with toluene. Next day the final water
extract was separated by centrifuging and also
passed through the resin column. The total pectin
content of the composite water extracts was de-
termined by saponifying 25 ml of extract for 2 hr
with 5 ml of 0.5(v NaOH. The solution was then
adjusted to pH 5.0, treated 2 hr with 2 ml of 10%
Pectinol R-10, transferred to a 500-ml volumetric
flask, and made up to volume, and 2 ml was used
for the carbazole assay.

Each 2-ml portion used for carbazole assay of
total pectin, protopectin, and Versene-soluble pectin
represented 0.4 mg of marc as given under prepara-
tion of marc.

The water-soluble pectin was characterized br
the titrimetric method of Anyas-Weisz et al.
(1951). The free carboxyl groups were deter-
mined by titrating a 50-ml portion of the cation-
free extract with 0.1V NaOH. The total ester
groups were determined by adding 5.0 ml of 0.5V
NaOH to this solution, setting it aside for 1 hr,
and then back-titrating with 0.25V HC1. The
total carboxyl groups were determined by sa-
ponifying a 25-ml portion for 1 hr with 5.0 ml
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of 0.5N NaOH, percolating through 10 ml of
washed Amberlite MB 1 in a 12-mm column to
remove low-molecular acids, washing the column
twice with water, and titrating the percolate with
0.liVv NaOH. The acetyl content was determined
as the difference between the total carboxyl content
and the total uronic acid carboxyl content.

Some of the marc samples were also titrated
directly by the modification of the Hinton titration
procedure described by Owens et al. (1952).

Expression of results. The results are expressed
on a fresh-fruit basis, though this is unsatisfactory
because of changes in weight of the fruit during
growth and during storage. The increase in size
observed under our conditions was due not to in-
crease in numbers of cells but to increase in size
per cell, through uptake of moisture, sugars, and
other carbon compounds. This is reflected in the
fact that the total solids remain essentially constant
during this period, as shown in Table 1, and that
the weight of alcohol-insoluble solids content shown
in Fig. 1 per average fruit does not change after
the first stage of growth, since the cell-proliferating
stage has now been passed. Jermyn and Isher-
wood (1956) found, for Kieffer and Conference
pears, that cell wall material changed little after
a certain early stage of growth, and that the
weight increase in fruit was mainly due to an

uptake of water and sugars. The mean weight of
cell wall material per pear was much the same
for pears weighing 60 and 160 g. Our limited;
similar, data are shown in Fig. 1, wherein marc
content is plotted as found and as percent of
fruit tissue against weight of average pear and
against harvest dates, wherein time of harvest is
the independent variable.

Weight changes from loss of moisture and the
respiration of reserve carbohydrates in storage
give constituents such as total cations the appear-
ance of changing significantly although they actu-
ally do not change. The apparent changes are
reflected in changes in cation content and pectin
content, as usually reported in the literature. Jer-
myn and Isherwood (1956) found considerable loss
in weight during cold storage of Conference pears
from the firm-green stage to the yellow-slushy
stage, from 4.4-4.5% at 7 days to 10.0-11.2% at
31 days. Nevertheless, total polysaccharide content
expressed on a per-pear basis decreased up to 11
days of storage, then fluctuated, and finally in-
creased in later stages of storage. The total poly-
saccharide content changed from 3.56 g per pear
at time of harvest to a minimum of 3.00 g at 23
days, and then increased to 3.40 g at 31 days.
When calculated on a weight basis, the data of

Marc on average pear basis

%

3.4 | | |

o o

Marc on fresh pear basis

O Ye = 5.6 - ,00015X a
@ Ye =6.57 - 467X

w Y

il

ig. L. Marc content of fresh fruit.

T R HRET 6™
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Jermyn and Isherwood (1956) indicate that poly-
saccharide content per 100 g of pear would vary
from 2.23 to 1.93 to 2.15 g.

In the fruit used in the present investigation,
excessive loss of moisture was prevented by using
a commercial packing method, wrapping in paper,
and storing in closed cartons. Weight loss during
30 days of storage at 32°F was 1.6%, and an addi-
tional 1.6% during ripening in a humidified atmos-
phere at 68°F. Storage at 41°F caused somewhat
greater total loss—4.8% in 45 days.

RESULTS AND DISCUSSION

Soluble and total calcium and

oorrtent Table 1 shows changes in ma%a MP
K, P, and tannins In reIatron to ch an?es
a ?ter wergcht firmpess, and total and

soluble solids Content durrn maturation of

pears on the tree. Table 2 shows the content
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of Ca and Mg “as found” and also corrected
for_the_gain in weight of the frut,

Calcium Is mentioned in the literature as
the principal cation in Rears although some
data on "magnesium have been reported

Hulme, 1958). The data in Table 1
q/Ca ratios are the reverse_of those re
ported by Jacquin (1958). The principal
cation af’ the tree root_ level in Davis soil,
a Yolo loam of pH 6573 IS ma nesrum
and the Mg/Ca ratro for pears %own at
Davis 1S 2.271 In fruit grown mteSrerra
Nevada foothills (PIacervrIIe} In acid soils
ofp thrs ratio drops to 111, as shown

Hbl The averagae fotal Ca_content
Table 1) was 45 ppm, and magnesium was
3 ppm. ‘Both cations fluctuate congiderably
during the maturation period. Doesburg

Table 1. Changes in sizes, firmness, and composition of pears during maturation.

630 77 TU

Diam. increase (%)t 00 34 66
Wt. increase (%)* 00 75 150
Firmness (Ib) 23 s 212
Soluble solids (%) 109 110 118
Total solids (%) 151 162 154
Ash (%) 370 390
pH 43 45 45
ml O.LV alk. to

pH 7.0 per 10 ¢ 42 36 34
Tannins mg/100g 5.7 610 667
Fruit as is (ppm)

Ca 62 42 39

Mg 4o 89 87

P 127 129 130

K 1255 1175 1280
Whole slurry (ppm)

Ca 46 45 4

Mg 100 95 91

P 129 134 139

K 1288 1176 1370
Slurry filtrate (ppm)

Ca 20 22 20

Mg 66 66 60

P 108 80 127

K 1150 1043 1215
Ratio Mg/Ca

Fruit as is 23 21 23

Whole slurry 21 21 22

Slurry filtrate 33 29 30

“Percent increase from regression graphs.

Harvest date

721 728 84 812 818 8B %
100 133 166 200 234 266 300
230 310 385 460 545 625 70.0
205 235 191 176 160 146 132
108 115 128 120 128 128 128
157 157 151 152 15.4
350 289 286 280 255

47 45 45 45 45 43 42
36 40 2.6 4.6 32 36 16
608 553 518 528 575 576 638
44 47 52 36 40 40 48
106 112 114 87 89 8 90
117 1 104 120 140 98 9
1135 1320 1370 1225 1320 1160 1225
47 49 51 38 44 39 46
109 113 1 95 86 73 81
1 104 106 122 113 95 97
1200 1132 1356 1355 1275 1150 1125
17 25 29 18 21 16 25
73 63 76 59 59 43 58
102 93 100 117 103 80 96
1135 1030 1270 1235 1180 915 1120
24 24 22 24 22 2.0 19
2.3 2.3 2.2 25 19 19 18
43 25 26 33 28 217 23
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Table 2. Regression corrections of various forms of Ca and Mg (ppm).

630 1 Tl

Wt. correction

from regression

lines (%) 00 15 150
Total Ca

Found (ppm) 46 4 4

Regress. Value 528 520 510

Wt. corrected per fruit 528 559 58.6
Soluble Ca

Found (ppm) 20 22 20

Regress, value 245 245 240

Wt. corrected per fruit 245 263 276
Total Mg

Found (ppm) 100 95 9

Regress, value 106.0 1036 101.2

Wt. corrected per fruit 1060 1114 1177
Soluble Mg

Found (ppm) 66 66 60

Regress, value 695 68.0 66.0

Wt. corrected per fruit 695 731 759
From regression values

Soluble Ca (% 465 412 410

Soluble Mg (%) 656 654 653

(1957) also opserved fluctuation in the cal-
cium content of pears. Our data sugge_st that
the rise might coincide with orchard irriga-

tion, _ _

Th? calciym and magnesium conEents ?f
the slurry filtrate representmq solunle cal-
cium and"magnesium salts, are Tow and show
no trend with maturation. From the regres-
suin values In Tanle 2, %he pfrcenta e of
soluble calcium 1s 46.5 of total calcium at
the first Elcklng, and ?0.2 t the last pleIﬂ?.
The corr sgon Ing values for magnesium afe
65.6 and 5.50/%. There Is no dpparent in-
crease In soluble calcium and magnesiym
content with advan%mg mdaturatlon, unlike
with _ apples as obsgrved b DoesburP
(_1957?/. His data indicate_that solyble cak-
clum varied from 46 to 54% of the fotal
calcjum in_green aggles and 42-52%_ of the
total in ripe apples. In _storage, his " data
Indicate, the soluble calcium Oecreased to
3-40% of the tod;al, a!though soluble pectin
content continued to Increase. The pH of
the cut surfa(fe of aggle tissue ,%ecreased on
standing, and reached an equiliorium value.

1218

Harvest date

1 728 84 812 818 825 9l

230 310 385 460 545 625 700

47
50.8
62.5

47
50.0
65.5

b1
49.2
68.2

38
48.8
7.8

44
48.0
74.2

39
472
76.8

46
46.8
79.6

17
24.0
29.5

25
24.0
314

29
24.0
332

18
23.5
342

16
235
38.2

25
23.5
39.9

2
235
36.2

109
99.0

113
96.4
1263

95
91.6
1338

86
89.2
1378

111
94.0
130.2

73
87.0
1415

81
84.4
1434

73
65.0
79.9

63
63.0
82.5

76
61.5
85.2

59
60.0
87.6

59
58.0
89.6

43
57.0
92.6

58
55.0
93.5

472
65.6

481
65.6

487
65.4

481
65.2

48.9
64.9

49.8
65.5

50.2
65.5

The pH of the cell juice was equal to that
of the_surface just after cuttln%. An exchange
of cations (partl_cularl¥ K+an H+? occurred
between the cations of the cell wall and cal-
cium bound bg_ pectic substance during the
period of solubilization of pectin. We "have
observed that the pH of the juice ex?ressed
from pear tissue was higher than that of
purée prepared by blending the tissue, |If
cation exchange gccurred &s f)ostulated by
Doesburg,. the pH, of cell walls would de-
crease ddring the ripening period, when solu-
bilization of pectin’ was rapid. He reported
that the pH of apple jlume increased during
npenlngf. Weurman (1952) reported a low-
ermﬁ of pH with the maturation of pears.
The carrection for changes in weight of
frujt was calculated from the regressjon data
and this correction was then applied to total
and Eoluble_calmum and ma?n,esmm contentls,
as shown in_Table 2. Calcium apparently
accumulates in frtut durlnp maturation, and

ma1gne3|um to a_lesser extent, _
he changes in total and soluble calcium
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Table 4. Changes in calcium and magnesium content in pear slurry and slurry filtrate after

cold storage and subsequent ripening.

Calcium (ppm) ~ Magnesium (ppm)  Ratios Mg/Ca
Samplen  Storage conditions (°F) Firmness Slurry  Filtrate ~ Slurry ~ Filtrate  Slurry ~ Filtrate
A-l Fresh 152 39 25 66 5 17 2.0
A2 9dadl° 3dass® 60 32 2 61 63 19 29
A-3 9 da 41° 6 da 68° 14 33 2 76 69 2.3 2.6
Av. 3% 25 68 61 2.0 25
B-I Fresh 20.0 40 13 102 55 25 42
B-2 1l da41°, 189 17 63 3.7
B-3  1lda4l° 4daes® 33 3 94 3.0
B-4 1lda4l’ 7Tdass® 15 35 28 86 78 25 238
Av. 3 19 94 66 27 36
C-l  Fresh 177 1l 28 75 5 98 20
C-2  Tdass® 16 87 46 90 81 103 13
Av. 82 3 82 68 1.01 19
D-l  30dad4r° 136 64 26 88 68 14 2.6
D-2  30da41° 3dass® 19 49 30 83 78 L7 256
Av. 56 28 8 73 15 26
E-l 60 da 32° 16.9 82 3% 94 69 11 2.0
E-2  60da32° 4dass® 15 85 46 85 79 10 17
Av. 8 40 89 74 1.0 14

*A and B series, fruit grown near Davis; C,

content in maturing fruit are shown in Fig. 2

and those for magnesium are showr in
FrrI] 3. The changes in percent insoluble
calCium and ma nesrum content are shown
in Fi Cg 4, and the_changes in the ratio of

Ca are shown in Fig: 5. In Tables 2, 3

4 and 6, the independent variable Is time
of harvest.

Table 3 show? the 1per:trn analys gs of the
marcs prepared from fruit h arvese at varr
ous stages of maturity. McCread
McCom 4) reported similar ¢ anges
In éhe marg of tw samples of pears (rr]rnrrﬁ
? art et ?reEare tfy srcrg
ruit | to boiling’ alcoho rted,
however, that a consrderable amount o Dec-
tin present from ripe pears dissolved in thrs
alcoholic solution.  The yield of pectin ex-
tracted from the marc prepared from unripe
pears with 0.5% Versene at pH 6 at 25°C,
was 37% of the total_present, compared with
60%_from marc of ripe pear. The degree of
esterification of the exfracted pectin was 89%
in unripe and 45% in ripe pears, and the

D, and E series, fruit grown near Placerville.

acetyl content was 3.3% rn ripe and 37%
In Unripe pear pectrn Subsequentl % ! th
at fhe

ever, Gee el al. (195 ? reported
percent esterrfrcatron 0 gectrn n Bart ett
pears |ncrease from 85% In green harg
ears to 06, in green mature pears and
ecrease urin rr enrn to 64

The data in e] Show, f?r fruit ma-
turing on the tree, that the tota ectrn and

the water soluble pectins decrease
rotopectrn rncrfea tes In both actuta va ue
an as percent of total as shown en
flve coe)f?rcrent of correfatron Prlrs Tab?g
Weurman reported a simil ar rrse rn roto
pectin In maturing fruit, The acetyl ¢ ntent
and the degree of esterification decrease with
atura agreement. with tPtlrblrshed
data alt ou h the' correlatjon 'f elow the
minimum sidnificance. Methoxvl content In-
creases on maturation.

In the detached rrpenrn? fruit
metabolrc chanrqes occu .
While the tota ectrn also decreases the
protopectin IS now broken down and appears
In a water-soluble form. The degree of es-

Si nrfrcant
Tohias g
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Y
© Firmness Ye = 23.99 - 1.09X
O Total Ca  Ye =52.39 - .62X
@® Soluble Ca Ye = 24,07 - ,06X
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Fig. 2. Changes

HARVEST DATES

in firmness and calcium content on fresh-pear basis during maturation of

L2 15 0n tree.
Y
g © Firmness Ye = 23.99 - 1.09X
£ & O Total Mg Ye = 106,16 - 2,39X
& o ® Soluble Mg Ye = 69,59 - 1,62X
E 3 Firmness
| 3
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o 15 100 70 Soluble Mg
[ ]
10 — 90 60
o
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70 40 $
0 ) | | | | | | | | J |
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Fig. 3. Changes
of pears on tree.

HARVEST DATES
in firmness and magnesium content on fresh-pear basis during maturation
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¥
50—
40 [—
‘/./1/'}‘./7
E )
e}
o
20—
O Ca  Ye=17,86+.414X
® Mg Ye=21.244.613X
10—
| ! ]
10 15 20 25 X
ex FIRMNESS
Fig. 4. .. Insoluble cations in fresh pears, .,
v
(o}
o
O Slurry filtrate Ye = 3.45 - (089X
@ Whole slurry Ye = 2,12 - ,0236X
o
o~
. 1 | | | 1 | | |
6/30 7/7 7/14 7/21 7/28 8/4 8/12 8/18 8/25 X
HARVEST DATES
Fig. 5. Ratios Mg/Ca in whole slurry and in slurry filtrate,



Table 5 Relationships between percentages of water-insoluble calcium and magnesium and

g

protopectin content.

Sample

>
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Firmness

152
6.0
14

20.0
16

177
16

136
19

16.9
15

Combined series A & B
Combined series ¢, D, & E

Table s.
on fresh-fruit basis.

Treatment (°F)

Initial 1957

9 da 41°
9dad1° 2dass®
9dadl® 5dass’

Initial 1958

11 da 41°
11da41°, 4dass®
11da41°, 7dass®

Firmness

Free acidity
ml 0.L.Y NaOH
mg AUA

Total esters
ml 0.1.Y NaOH
mg AUA
91 esterification
91 AUA in marc

97 pectin (fresh fruit)

Firmness

15.2
13.7
6.0
14

200
18.9
33
1.6

In
Ruple e
total

3.9
312
18.2
674
20.0
62.6
449
594
387
574
459

Insoluble Ca

Total

869

894

0.921
0.942

Pectin
Proto-

991

961

Insol Ie P/Ig

22.7
0.0
9.2

46.0
9.3

26.7
10.0

217
6.2

26.6
71

Coefficients of correlation
Insoluble Mg

0.877
0.990

Coefficients of correlation

Table 7. Titrimetric analysis of marc.

233

2.35
413

10.90
192
82.3
23.33
1.53

21.8

2.60
45.7

11.80
208
82.0
2537
1.65

21.2

2.60
457

12.20
215
82.5
26.07
1.38

405
214
155
26.5

70
401

73
449

9.2
493
18.0

tin
otal

Protopectin

0
0

-.205 743 -817
-.160 144 -.909
23.5 16.0 14.6
2.85 3.30 3.30
50.2 58.2 58.2
13.25 13.60 14.30
233 239 252
82.5 80.5 81.2
28.32 29.72 31.02
1.22 1.28 1.34

125
947

Pectin changes on ripening in storage expressed as percent of anhydrouronic acid

Water-sol.  Methoxyl ~ Acetyl esterification

832

825

13.2

3.50
61.5

13.85
244
80.0
30.55
119

519
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terification also decreases, as does the me-
thoxy[ content, but the acetyl content rises.

No significant changes jn cations are ap-
parent I fruit while on the tree and when
ripened in storage.. The behavior of calcjum
IS similar in_both instances, but magnesrum
becomes rapidly soluble as shown by a high
de gree of correlation in the latter “instance
aré Ia podorI Io)ne for fruit on the tree (Table

an

To obtain” additional, information on the
free and_ esterified carboxyl groups. of the
Pecﬁrns In the marc, the “free acidity and
ofal acidity of the marcs were determined
by direct titration of the acid-washed acid-
free marc.

The results |n TabIe 7 are expressed in
ml of 0.1V rgof marc, and are
calculate as mg an yd o?a lacturonic_acid.
These values indicate @ fairly constant degree
of esterification but an increase In pectin
content of the marc during maturation of the
ruit. The calculated pectic content on a
fresh-fruif basis, decreases as firmness  de-
creases. The values determined by titration
are consrderably higher than those deter-
mined 3/ the co orrmetrrc Versene- Pectrnase
extractjon procedure, . The correa lon with
the carbazole method is poor, 0.74

Ontthe basrts of these rrt]r he\éﬁluers tthe
welght of pectin present | fruit 1s
3q p p? ?ns Is 80% esterified,
t ere would be avarlabe for cation binding
1.74 meq of carboxy| groups from the anhy-
drodalafuronrc dacrd resr Ue present.. The
tota ca clum and magnesium present in the
sample resRectrve %/ unt t0°2.30 and 4.12
Mmed. and 152 megq are Insolu-
ble, The totat 2.65 megq of |nsqubIe caIcrum
and zi\ nesium cannot be “bou %
avajla 174 meq of pectin car oxyI groups
and much less o' when the lower” carbazole
values aye .considered. Evgn with the most
mature fruit, the same condition prevails.

It is unIrker that protopectin exists as
chaing  of polygalacturonrc acid |on|caIIy

oun to each” other lon brid es
Henlg ein 1943§ as dut/te c?eary sh own
e

el et al 1950 aasubse uent
Pubﬁsh Haas-Schulz £ a)I oy
efute the conclusions of Deuel ¢ 950

but merely add information on the compo

CALCIUM AND MAGNESIUM CONTENT OF PEAR FRUIT TISSUE

sition of calcium pectinate.  Even less likely
would be double salt formation. Double salts
of galacturopic acid > occur, but they are
not formed by either di-galacturonic acid or
trl- 5qzaacturonrc acids (Phaff and Luh,

Joslyn and Deuel g1962 ) recently ob-
served that the extracta i n%/ ﬁ gectrns from
green firm apP es varies markedly with the
method used to prepare marc. From marc
ﬁ? rgdb bIendrn ap r%Ie flesh vvrth aIco

Ina trvatrng enzv s present by heat-

?I the alcohol |c mixture at 80°C “under

eflux, tg)ractrca y no water-soluble pectins
were obtained by extraction with strIIed
water at 2 From marcs rePare
the Erocedure of Gee et al, 5195 fe du
tities obtained were considerable; Afte
traction wrth water, further pectrns were not
extracta le with Versene atp 6, as used
d/MC reagand McComb (1957). Blend-

glc lésh revrouslt(] dehydrated with
aIcoh with acid fred aIco o] was n?te V-
alent o washrng a coho -Insoluble solids |th
acidified alcohol. rﬁ)e marcs _practically
ash-free were not found to contain appreci-
able water-soluble pectrns as would be ex-
pected If the insoluble pectins were present
as calcium salts.

Marc prepared ll;)y treatment with acjdi-
fied alconol, as outlined under "Preparation
of marc,” 15 practically free_of calclum ang
magnesium salts n comparrson with fresh
pear tissue. The fresh e%r tissues have the
composition shown In

The marc after extractron wrth aIcohoIrc
approximately 0.6N, hydrochloric acid ad
the analysis, re reﬁentrng the fomposrte of
seasonal “samples, shown In Table 9

The relatively high phosphorus content of

Table 8. Composite analysis of fresh pears (10

harvests).
On fresh pasis
(ppm)b
Calcium 53
Magnesium 94
Phosphorus 119
Potassium 1246
Sodium 4
Ash 3900

Marc content
Acid-washed marc content

5.08%
4.08%
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Table 9. Mineral analysis of composite acid-
washed seasonal samples.

0,
T b
Calcium 310 155 0.7
Magnesium 50 25 974
Phosphorus 376 18.9 84.0
Potassium 218 10.9 98.2
Sodium 38 19 525
[ron 80 40 -
Ash 3300 115 97.0
pe ar marc is not surprising, Henglein et al,
(1949). reported that the phosphate content
of pectins pre ared from appl omace can
range from 0, 1to? 04% as P20n, depend-
|hg on the.method of purification. Ho ever
tt% considered that only about 0
0.0 8/0 of phosphate could be frrme bound

by pectin.

0 obtain addrtronal information on the
|str|but|on of p Borus in pear tissue,

ear marc stored In alcohol was frac-
tron ed Into storage alcohol, alcohal-insoly-
ble solids, acid-washed alcohol-insoluble
solids, and acidic wash solution. The storage
alcohol and acidified alcohol extracts were
evaporated and ashed, as well as the marc
and’ the acid- wa?
terials were analyzed
rus and nitrogen, with the_ results shown

n Table 10. The data indicate that most
of the calcium present in pear tissue was
Insoluble In alcohol but soluble in acidified
alcohol (i.e., present aﬁ lonically _bound)
In"contrast, f the magnésium  and

a—o-o

ost or t
pﬁtassrum was soluble. Of the total phos
But much of this was acid-soluble, indicatin
that it was either loosely held or combine

i1

hed marc. The ashed ma-
for cations, p osp 0-

orus content, most was found in the marc

il

as calcium or magnesium phosphates.
The high irgn_ coptent in the marc ex-
tracted wrth acidifieq aIcohoI IS Unexpected
(pe It does not orrgernate from equrpmené
the amount In the marc can be reduce
by increasing the time of extraction.
Although “cation- sequesterrno gents like
Versene are used widely in_pectin &xtraction
Owens et al, 1952), their value may not
e n sequesterrn% calcium from *calcium
pectinates, since t e se uesterrn property
depends on the ne med
monium oxalate IS Weak but at hrgher tem
R]eratp)res (80°C or ab ve% hea1t and acrdrtcy
e the major solupilizing tactors
Cread¥ and McComb (1952)g reported that
extraction of pectins with Versene at pH 7
were complete only on prolonged heating.
The relative insolubility of the cations and
phosphorus In the marc of Eears Was deter-
mined by extractjon of a 0. g portion wrih
100 ml of deionized. water for_4 hr whi
stirring on a magnetrc stirrer, The mixture
was then centrifl g8ed and the resrdue again
extracted to make 2, anp hr of extrac-
tion trme Another sample was extracted
as above hut with one _teaspoon of washed
Amberlite 120 (H% Each of the extracts
was evaporated, as ? and analyzed, The
resin was_ separated from the arc before
ashing. The pH of the water extracts in-
creaséd from 3.6 after the first extractr
perrod to 41, 4.7, and 54, respectivel g or
he succeedrng extractron% The g
extracts In thé presence of resin varied rom
36 1040, 44 and 50, respectively. The
extra%tf and residues had the analyses' shown

These vaIues indicate that water extracts
18% of the calcium, 20% of the magnesium,

Table 10. Calcium, phosphorus, and nitrogen content of marc and marc extracts in mg per
9.59 g of marc or 7.21'g of acid-washed marc”(equivalent to 250 g of original pear tissue).

Marc. Storage alcohol Al \gashed ACIF ttwoanS "

Calcium 26.6 3.40 435 5.60
Magnesium 10.1 11.00 035 2.75
Potassium 306.0 307.0 4.05 50.50
Sodium 2.0 345 0.85 2.00
Nitrogen (%) 0.66 0.62
Phosphorus

Total 52.6 23.25 18.00 4.45

Inorganic 0.02 193 0.00 0.15
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Table 11 Mineral analysis of ion-exchange-
treated marc (ppm).

Sample Ca Mg P K Na
Water extract 40 20 25 130 60
Residue 180 80 s 210 80
Resin extract 40 20 20 150 60
Residue 130 8 158 210 80

12% of the ghosphorus 33°/J of the potas-
sium, and the sodium. The resin
had no effect on extraction of these constitu-
ents. The lower values for resin residue are
accounted for by a small Joss of solids during
separation of the solids from resin.
abIes 4 and 5 show the chanqes in cal-
cium and magnesium in pears held in cold
stora e a 41 F, and then ripened at 68°F.
Gra |ca tesec an es are shown In Flg
6an omparable esu Its_for reshlﬁ/h
vested fruit aetaken om Ta e 2 and are
shown In Fig. 4 firmness is the
independent variahle the correlatlon with the
|nso ubIe cations s %ood for fresh fruit as
we as gr fruit ng ed off th? free (Tahle
Comparison of Fig. 4 with
F| s 6 and suggests that calcim is af-
fected somewhat “more by the change In

metabohc actwlty in the detached fruit than

%neswm and |t Is solubilized more rapidly
with decreasing firmness.. Numerically, thys
behavior of |nsoluble calcjum 15 expressed |n
a somewhat higher correlation, as shown In
Table 13, 1 an The coefhdent of corre-
lation for |nsolubl a IS 9b 8 for fresh
fruit and 0 for oth series of
detached frwt The cgrrfe lation between
ﬁrotopectln cations, and firmness is alsq
|?her for ‘detached fruit. These analytical

ferences between fruit growing ang In
storage ave een observed Wwith other fruit.

Thus, toug| the correlation between firm-
ness and cé Iu 0se IS high In qifferent vari-
eties of apples, such correlatlon was not
found durln softening and storage (Kertesz
ct al. 1958). The data available on stored
Pears are 100 meager for actual comparison,
hough important differences in behavior are
Indicated.

The coefficients of correlation for total
pectin, Proto ectin, - water-soluble . pectin,
methoxy[, acetyl, and degree of esterjfication
were calculated with firmness used as the
Independent variable. These data were cal-
culated for freshly harvested pears as well as

Tahle 12, Pectin changes on ripening in storage expressed as percent of anhydrouronic acid

on fresh-fruit basis.

Coefficients of correlation

Pectin

Tlmeo?r%?o?ggned IPJJTPT Fn'ergg Total
Storage at 41°
Initial 177
Tdaes® 16
20da41°,0daes’® 136
20da41°, 3daes® 19
30da41° Odass® 6.6 867
30da41° 3daes’® 16
40dad1°, 0daes® 2.6
40 da 41°, 2dass® 17
50 da 41° 13
Storage at 32°
[nitial 177
Tdass® 1.6
30da32°,0daes® 179
30da32°,5dass® 16 179
60 da 32°, 0daes® 16.9
60 da 32°, 4 dases’® 15
90da32°,0daes’ 116

90 da 32°, s daes® 15

Proto

0
Water-sol. Methoxyl — Acetyl esterit{%ation

983 -.940 136 -.692 103

881 -.739 710 -451 132
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Y
70 -
[e] Ca
60 [—
50
= Mg
40 =
30 Protopect.
20 —
O Ca Ye = 15.27 + 2,18X
10— ® Mg Ye = 1,29 4+ 1.85X
©O Protopectin Ye = 13,64 + 0,649X
| . . | e | | |
1 5 10 15 20 X

HRIVINEYS

Fig. 6. Relation between firmness, insoluble cations, and protopectin in ripening detached

pears. A-B series.

Fig. 7. Relation between
pears. C-E series.

v
70—
o Calcium
60 —
Protopectin
50 —
e
40 I—
30 Magnesium
20 —
O Calcium Ye = 41.46 + 1,13X
10 @® Magnesium Ye = 5.74 + 1.,20X
O Protopectin  Ye = 8,44 + 2.22X
[ ]
I IR | | |
1 2 3 4 5 20 X

HRIVINESS
firmness, insoluble cations, and protopectin in ripening detached

53
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Table 13. Summary of coefficients of correlation at 5% confidence level, firmness being the

independent variable.

Relationship of calcium and magnesium to firmness of pears
[. Fruit maturing on tree (from Table 2)

Calcium
Total 0.913
Insoluble 0.908
Soluble 0.852
Minimum significance  0.610

Magnesium
Total

Insoluble
Soluble
Minimum significance

0.909
0.920
0.913
0.610

Fruit in storage (from Tables 4 and 5); fruit held in cold storage and subsequently

ripened

Calcium

Insoluble

Soluble

Magnesium

Insoluble

Soluble
Protopectin

Marc

Minimum significance

Series A-B
0.921
-0.265

0.877
-0.045
0.725
0.991
0811

Relationship of pectin fractions and pectin composition to firmness of pears

[11. Fruit maturing on tree (from Table

Total pectin
Protopectin
Protopectin
Water-soluble
Methoxyl

Acetyl

Esterification %
Marc

Minimum significance

V.

Total pectin
Protopectin
Water-soluble
Methoxyl
Acetyl
Esterification %
Marc o

Minimum significance  0.811

3)
0.945
—0.941 as % of total pectin
—0.580 as % on fresh fruit basis
0.948 as % of total pectin
-0.427

0.574
0.660
0.829
0.610
1957 1958
0.869 0.894
0.991
-0.205
0.743 0.744
-0.817 -0.909
0.832 0.825
0.291 0.170

S50
0.942
-0.468

0.990
-0.663
0.947
0.783
0.811

Fruit in storage (from Table &) ; fruit held in storage and subsequently ripened

0961 as % of total pectin
—0.160 as % of total pectin

Fruit in storage (from Table 12) ; fruit held in cold storage and subsequently ripened

Total pectin

Protopectin as % of total pectin
Water-soluble as % of total pectin
Methoxyl

Acetyl

Esterification %

Marc

Minimum significance  0.666

Storage at 41°F
0.867
0.983

-0.940
0.736
-0.692
0.703
0.828

Storage at 32°F
0.779
0.881

-0.739
0.710
0451
0.732
0.812
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pears stored at 32°F as long as 90 days and
at 41°F for as Ionﬁ as 50 days and subTe
quently ripened. The coefficients of_correla
tion for fresh pears_are shown in Table 3
and those for gears rrgened after cold storage
are in Tables b and 1

The metabolic processes apparently follow
different paths jn pears maturing” on the
tree and in detached fruit. In fruiton trees,
Proto ectin and methoxP/I show ne ative cor-
eIatrn e, values Increase with decreasing
firmness: In detached fruit the correlation S
Bosrtrve Water- squbIe pectin shows a re-
erse e avior: It increases In rrPenrng de-
tached fruit and decreases In frul maturrng
on the tree. Analytical data that were use
1|‘otr Taigltes 6 and 12 will be published at a
ater date

The srmrlan‘tres and the differences in
metabolic transformations occurrn? I pears
maturing on the tree and in mature pears
rrpen|n193 In storage are summarized In

In group | is shown the reIatronshrR of
calcium, magnesium, and firmness. The high
degree of correlatron sud gests that both cat-
ﬁns are eriuay Impor ﬁnt articipants rn

e firmness o fryit, dT e total at ount of
ations was determined on a separate alig
?rom that used for determrnatr%n o? solu%?
and insoluble fractions.

In group 11" are shown the metabolic
changes in pears held at low temperature and
then Tpened, Both series A-B and C-E are
es?entrally similar_between them%elves but
difterent from similar metabolrc changes oc-
currrnfq on the tree. A negative correlatron
Indicates an increase of soluble forms during

pGrougps 1, IV, and V ﬁhow the profound
changes that' occur in the metabolism  of
Pectrn when the fruit Is removed from the
ree. Total pectin decreases whether the
fruit is on the tree or I storage. The great
chan%e in the detached fr\nt 0CCUrs In proto-
ecti an In water-soluble pectin.
pectrn decreases are shown In groups |1,
d V. The corre atron |s hr h%/ %
nrfrcanty negatrve In group 1 r
nrfrcant posrirve in grou s II 1V, and
For water oube fr céron the 3orrela
tion is reversed i detached,fruit, in rcatrnd
a rapid solubilization of pectin when the fru

The pro-

525

ripens. Methoxyl and acetyl show a change
similar to that ‘of protopectin. The degree
of esterification decreases when fruit ma-
tures, and the correlation is better In de-
tached fruit. The marc content shows a
Igh degree of correlation in all instances
except In group [V, where the time was too
short for a srﬁnrfrcant change to occur.
Data recenfly accumulated indicate that
changes In pectic constituents are not corre-
latea"closely with firmness, at least for apple
nd_tomato fruit. Thus, Reeve ct al.
1953a,0) found little or no reIatron betvveen
ectin content and the texture of afg
has was confirmed by Kertesz et al. }2 ;
and Woodmansee et al. ertes
et al. (1958) reported ?ood correlation. be-
tween firmness and celfulose or alcohol-In-
soluble solids content. Woodmansee et al.
(1959) Treported a close ne(fatrve correlation
between firmness and alcoho mioluble soIrds
during the maturatron of apple fruit,
found™no consrstent relation ‘between rrg
Ing and soluble pectin” content, Does
(1 572 reported little change In mo ecul ar
wer degree of esterrfrca 1on Rectrn
duri gterrp nrng of aPpes ut found
Increase In sog e rfec in content with
decrease in soluble calcium content Jerm n
and Isherwood (1956? reported no f ahogle
In the Palacturonrc acld content qof alco
Insolubfe solids of pears urrno rrpenrng
marked Increase In araban, smaller increases
In gucosan and galactan, ‘and a decrease in
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Tenderness of Beef.

IV. Relations of Shear Force and Fiber Extensibility to
Juiciness and Six Components of Tenderness3
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(Manuscript received May 10, 1962)

SUMMARY

Shear-force values were markedly and significantly higher at meat temper-
atures of 80°C (well-done) than af 61°C ?rare_) in"longissimus dorsi (LD)
steaks, but only sllghtlz higher in biceps femoris (BF) steaks from 180 ani-
mals. Neither muscle showed significant differences between shear-force values
at 80 and 100°C. The two muscles had similar shear-force values at 61°C,
although the connective tissue scored much tougher in BF than in LD steaks.
Correlations were low between shear-force values and panel scores for tender-
ness of connective tissue. The highest coefficients between shear-force values
and panel scores were in LD cooked to 80 and 100°C—for softness to tooth
pressure, ease of fragmentation, and adhesion. These indicate that low scores
(tough meat) were associated with high shear-force values. Correlations for
all possible combinations of shear-force values for the two muscles and the
three conditions of cooking were made. Within LD all coefficients were sig-
nificant and high, which indicated that ranking of the animals for shear-force
value was similar at all temperatures within this muscle. Within BF the only
high coefficient was for 80 vs. 100°C. Those involving the two muscles together
were not h|8h and not always significant. Thus, shear-force values of one
muscle would not be satisfactory for indicating the tenderness of another mus-
cle in the same carcass. Variation was found among the various core positions
within a steak. . _
~ Extensibility of muscle fibers was greater at 100 than at 61°C. This was
sqmﬂcant in LD but frequently not significant among the lots iii BF. Extensi-
bility was rather closely related to shear-force values at both temperatures in
LD, but only at 100°C in BF. Availability of muscle fibers Ionlg enough for
these determinations (5 mm) varied W|del¥ in BF. This availability in the BF
steaks cooked to 100°C appeared to be related to scores for mealiness.

INTRODUCTION

,Obdectlve tests for tenderness have re-
ceived much attention hecause such fests
have heen considered t? be more reliable
(repeatanle) than panel scores. Various
mechanical " devices * have heen_ developed

to measure tenderness and its compo-
nents gBIack et al, + Tressler "t
al, 1932, Tressler and Murray, 1932

"This study was supported in part by Southern
Regional Project SM-19, “Motivating Factors in
Consumer Purchases of Beef as Related to Ob-
jective Measurements Used to Predict Beef Ac-
ceptability.”
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Volodkevich, 1938; Winkler, 1939; Steiner,
1939: Kramer et al, 1951 Hurwicz
and Tischer, 1954; Miyada and Tap-
pel, 1956; Proctor et al.,” 1956; Sperring
et ai, 1959; Pilkington €t al, 19605). The
one used most widely by research workers is
the Warner-Bratzlér shearlng device de-
scribed by Black et al. (1931), or some
modification of it. Some workers have re-
ported ?ood agreement between it and panel
scores for tenderness, whereas others have
found poorer agreement. Some of these co-
efficients of correlation for beef were —0.9
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for 50 muscles cooked in lard at 250°F
r(Ramsbottom and Stranding, 1948% - —369
or steaks oven-cooked at 450°F and —404
for braised steaks (Paul et al, 19567) . and
001, and —715 for

respectively —554, " —
Ionglssmus dors éLQ) steaks oven-cooked
to 55, 70, and 85°C (Visser et al, 1960).

The success of a mechanical device for
measuring various components of tenderness
depends On the closeness of its relation to
human impressions  of tenderness. One
score for tenderness is a composite of man
mouth Impressions, and agr_e ment betwee
the results from a mechanical device and
this score may be close when ?ertam com-
ponents are Involved but less close_ or even
pr%or when other components are involved.

e data for SIx components of tenderness
(gover ct al, 192ahc) as well as for
shear-force values on the same Steaks af-
forded an opportunity to mvestlgate the
relation of shear-force” values to thése com-
ponents—softness to tongue angd cheek, soft-
ness to tooth pressure, edse of fragmentation
and mealiness Pf muscle flbe?, adhesion be
tween muscle finers, and tenderness of con
nective tissue. ,

Extensibility of muscle fibers has heen
shown fo pe related to tenderness b Wan?
et al. (1956{) an Hostetler and Cove
(1961). Further work with six components
of tendemess on a rather large number of
animals should provide a basis for better
understanding of this relation.

EXPERIMENTAL
Cover ¢l al. (1962a) described the cooking and
sampling methods, the animals, plan for utilizing
the meat from the two muscles, scoring sheet
used by the panel, outlines of the analyses of

TENDERNESS OF BEEF

variance, and pooling of the lot variances and
covariances to obtain a single coefficient for each
pair of variables. Additional analyses of vari-
ance for shear-force values within each muscle
were made for each of the nine lots (Table 1).
This made it possible to test for homogeneity of
tenderness (shear-force values) within the muscle
and for possible interaction between core portions
and final cooking temperatures. Panel scores for
these steaks were reported for tenderness of con-
nective tissue (Cover ct al., 1962a), for juiciness
and the two softness components of tenderness
(Cover ct al., 1962b), and for the muscle fiber
components (Cover ct al., 1962¢).

Shear-force values were obtained on 1-in. steaks
from LD and BF muscles cooked to 61 and 80°C
by dry heat and to 100°C and held there for 25
min. In moist heat. They were obtained for all
of the 180 animals. A )A-in. core from each
quarter of the steak was sheared with the
Warner-Bratzler device. Since a steak is not
homogeneous for tenderness, the average from
these four cores was used as the value for the
steak. A great deal of care v'as taken to obtain
the cores along and not across the fibers. This
was done so that the orientation of muscle fibers
during shearing would be similar for all cores.

Extensibility measurements were made on
muscle fibers obtained from a small area from one
section of the sheared cores, but only from those
steaks cooked to 61 and 100°C. The procedure
was that described by Hostetler and Cover (1961).
These measurements were made on LD and BF
steaks from only 128 of the 180 animals because
of lack of time. Selections were made on the
basis of those sires and sexes for which this in-
formation would have most value.

RESULTS AND DISCUSSION
Shear-force values. Comparisons of tem-
peratures within_ muscles ‘may be made
within each lot (Fig. 1) In LD the shear-
force values were” significantly higher in

Table 1. Outline of analyses of variance.

Variables

Total
T reatments
Core position
Temperatures
Core position X temperature

Animals within core position and temperature

De Sees (ror
freedom erms
(a) _
(lé) An(|trJn)aIs
(2)
6) Animals
Ea)

a) These degrees of freedom vary with the lot.

Eb These erfor terms were core X

temperature if core X temperature was significant.

If core X temperature was not significant, “animals” was used as the error term.
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LONGISSIMUS_DCRS MUSCLE (LOIN
$ER FORE

i}

vi Vil IX

LOT NUMBERS
STEAK TEMPERATURES — 6l°C. [

Fig. 1. Average shear-force values for steaks cooked to three

go*c. 1 100°c. I

each lot at 80°C (well-done). than at 61°C
rare). But at 100°C the “increase above
that at 80°C was small and not srgnrfrcant n
any lot. These trends indicate greater tough-
ening at 80 than 61°C, with little if any
further toughening at 100°C. A~ simildr
pattern of res[r))onse to temperatures in panel
scores for LD was_found only In so ness
to tooth pressure. (Cover et af,
These trends indicate that shear force
values in LD may be detectrnd the tighten-
ing .of the network' of the protein strlicture
durrnq denaturation of the meat and may
be related to dehydration of the muscle
fiber. In BF also, ‘Shear-force values at 80
were figher than' at 61°C but so srghtlg
as to he significant only in lots 1
The shear-force values at 80 and
Were not srgnrfrcant%drfferent In ané

co ponents also did not

The muscle~fib er
tender or touq en alike In the two muscles
In_ response 1o these three temperatures

(Cover et a 11962b.c).

Trends with meat temperatures of 61 s,
80°C In hoth muscles were toward toughen
Ing at the higher temperature with eal-
force values, “but were toward tendermﬁ
with scores for connective fissue and wit
collagen content (Cover et al,, 1962a). With
meat temperatures of 80 vs. 100°C in LD,
neither shear-force values nor_ scores for the
aIready tender connective tissue  changed
?reatié alt ough collagen content decreased.

°C, the shear-force
values also drd not change greatly although
the connective tissue scorés and collagen
content Indicated marked tendering. There-

59
BICEPS FEMORIS MUSCLE (BOTTOM ROUND

SHEAR FORCE

20

\

v v Vi
LOT NUMBERS

ES— 6I1*C. @&HD 80*C. O

rnternal temperatures.

ooooo

fore, shear-force values obtained across the
grain of the meat would a Rpear to be un-
reliable as a measure of the tendering of
connective tissue by heat or as a means of
reIatrn? heat changes In collagen to tender-
ness of connective tissue.  Such complicated
Patterns for connective tissue and muscle
iber components of tenderness cannot be
detected1 shear-force va dues alone, and
proof that the are Involved In shear-force
values is difficult.

When the two_muscles were compared,
there was no significant difference In Shear-
force values at 6 °C, whrch seems strange
hecause of the mu% tou%her connective
tissue and the much higher tollagen content
In BF (Cover et al.. 1962a). Af'80°C, LD
with the more tender connectrve tissye and
ﬁhe less co aigoen content had srgnrfrcant
IF er shear-force values (tougher meat].
At 100°C, where the two muscles did not
differ greatly in scores for connective tis-
sue orin o Iaden content, the difference In
shear-force va Ues was most ronounced
Similar resu Its h ve b en reioort by over
and Hostetler us, shear-force
values obtained across the grain of the meat
would, be . unreliahle as ? measure of the
variation in tenderness of connective tissue
among muscles or as a means of relating
collagen content In different muscles to_the
tenderness of their connective tissyes, Pat-
terns between muscles somewhat srmrlar to
those In shear-force values occurred onK
In scores. for ease of fragmentation and lac
of adhesion. These aré characteristics of
the muscle fibers.
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Table 2 shows interrelations between
shear-force values and each of the paneI
scores within. a muscle and. condifion
cooking, Within L1), the coefficignts indi cate
that at 80 and 100°C the shear-force vaIues
were cosey associa gd with ease o fra
mentation and wrt adhesion as well as wr
softness to tooth pressure. The negative
coefficients indicate that the tougher “meat
was assocrated with the Igher s ear-force
vaIHes In none of te oefficients was
really high u at 100°C, where_ the effect
of connective tissue IS af a minimum, the
highest were for ease of fragmentation, ad-
hesion, softness to tooth “pressure, and
mealiness. %hear -force  values were not
closely correlatea with tendemess of con-
nective tissue in either muscle.

Meat to be called “tender” by the con-
sum I must re%urre little chewrn erther to
rea It a art or to get it ready for swal-
owrn? this definition of tenderness I
accep d, there are a number of conditions
under_which meat may be regarded as ten-
der. Shear-force as a measuré of tenderness

LONISIMB D03 MUALE (LON

EEEEEEEEEEEEEEEEEEEEEEEEEEEE

EEEEEEEEEEEEEEEEEEEEEEEEEEEE

EEEEEEEEEEEEEEEEEEEEEEEEEEEEE

T NUMBERS

S — | THROUGH 4 ARE IN ORDE
MO RIGRT WATHW EACH (LOT

TENDERNESS OF BEEF

seems to be related to certain of these con-
ditions but not to others. 1). Cooked meat
with a Iarge amount of unc anged collaﬁen
In 1fs connective tissue would lie cafled
tough, yet shear-force does not appear to
measuré Jt accurately. 2). Meal cooked
rare 1s_soft and juicy ‘and may be swallowed
with little chewrn? even when the muscle
frIIers adhere tightly and do not fragment

0 tenderness rs not re-

easr dy his kin

late to shear-force. If however this same
plece of meat Is chewed we 3 oUr d| %
are Instructed to do, the relative ten ern
of the muscle fibers will be related to shear-
force values of the meat. In well-done meat
also, the ease of fragmentatron of muscle
fibers and adhesion Detween muscle fibers
IS related to shears. 3). Meat cooked well-
done 15 less juicy than rare and is firm, or
even hard, o tongue and cheek and may
be hard 1o tooth pressure also,. Shear-force
seems to follow rather well the change In
hardness (toughening) In meat Dbrought
about by cooking from rare to well-done.
Whether hardness to tooth pressure, ease

BICEFS FEMCRS MECLE (BOTTOM RIND

EEEEEEEEEEEEEEEEEEEEEEEEEEEE

EEEEEEEEEEEEEEEEEEEEEEEEEEEE

EEEEEEEEEEEEEEEEEEEEEEEEEEEEE

NUMBERS

IONS— | THROUGH 4 ARE IN ORD
TRo RAGAHT WITHIN EACEH LT

Fis. 2. Shear-force values averaged by core positions. Four core positions within each temperature.
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Table 2. Pooled correlations calculated within lots.

Longissimus dorsi

Variables a 61°(
Shears vs."
Juiciness 03
Softness to tc -.61
Softness to tp =12
Ease of fragmentation -.62
Mealiness
Adhesion -.62
Tenderness of ct 17
Weight loss 35
Cooking time .09
Extensibilities vs.'
Juiciness 14
Softness to tc -52
Softness to tp -.63
Ease of fragmentation -59
Mealiness
Adhesion -.61
Tenderness of ct 14
Shears 83
Weight loss .26
Cooking time 00

“Abbreviations :

tc, tongue and cheek; tp, t

Pooled coefficients
Biceps femoris

§()°C 10(0°C 61°C 80°C  1(«C
—13 -.07 -.09 - 17 -07
-.56 -.61 -.20 -.33 -37
-.81 -.83 =27 -52 -67
-84 -.82 -.16 -.65 -.76
-.62 -68 -.50 -.65
.19 -.83 =22 -.65 -. 16
=10 -.29 - 22 12 11

26 Al 18 28 34

02 12 -.10 29 .06

03 -.13 -.03
-42 =27 -.36
=10 -.16 -.66
- 14 -31 =11
-66 -68
=14 -.39 -.66
-.16 16 =17

18 .06 18

33 40 24

10 09 A1

tooth pressure; cf, connective tissue.

"Coefficients below .16 ot significant; 'between .16 and .21 significant at 5% level; above

21 8 n|f|cant at 1% level.

oefficients below .17 not significant; between .17 and .23 significant at 5% level, above

23 significant at 1% level.

of fragmentation of muscle fibers, and ad-
hesion” between muscle fibers have a com-
mon cause Is not known, but it seems un-
likely. Shear-force values do not distinguish
among them and would. be of little valie in
the séarch for possible mdePendent causes.
Shear-force values are obtained easily and
are used widely. [t would be convénient
It they could be obtamed op one muscle bv
one method of cooking and the results ap-
glled to the tendeme s of all h? meat in'a
arcass. 10 test suc a possioility on two
muscles, the correlations were pooled within
lots for all 033|ble combinations of the two
musc es a the_thr f?e conditions of cook-
Table 3). Cogfficients were nonsignifi-

cant when BF at 61°C was correlated “with
D at each of the three temperatures. Sig-
nificant_ positive coefficients were obtained
when B at 80 and 100°C was correlated
with LD at each f thﬁ three temperatures,
but they indicate that the variation in_shear-
force values In one muscle accounts for less

than 36% of the variation in the other
muscle Thus results obtamed with one
muscle would g pear to be less than satis-
factor for |nd| a]m g the tenderness of an-
other musce In the same carcass. In these
correlations between muscles, the very low
coefflments for BF at 61°C |nd|cate that
something affectm% shear-force values s
resent ;n BF at ©1°C that IS either not
resent in LD or not present In the same
amount If this were connectlve tlssue alone
the oher c%eﬁlments obtained with BF
at 8 % een expected, J
still-higher o es wou ave been exp ecte
at 100°C. Thu ? more than one factor
seems to pe involved In causing the aiffer-
ences in shear-force values between the two
musgles

The_correlations in Table 3 ali give in-
formation on the associations within~a mys-
cle, Within BF, Hosmve coefficients, mg
nificant but very 'low, were obtained be-
tween 61°C and each of the other two
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temperatures whereas the positive coeffi-
clent between 80 and 100°C was not only
significant but high. Within LD, the POS"
tive coefficients.among all the temperatures
were also significant™and hjgh. The high
coefficients sugoest several” _conclusiors:
1) Those animals with the highest shear-
force valugs at one temperature tended to
have the highest at the other temperature
also. 2) The meat within these compari-
sons was affected by heat in much the same
way. 3) The animals were ranked in about
the same order for all of the temperatures
within LD, but for only two tem eratures
and 100 C) within"BF, 4) . Standard-
rzatron of the ekperimental technrques must
nave Dbeen satisfactory. 5) The variation
among. animals needed to Obtain these high
coeffiCients must have_been caused by dif-
ferences prior 10 cookrn Such drfferences
may nave occurred durrngn g)rocessrn

o the life of the animals, or trou
heredity.

Variations. in shear-force values have
been noted from end to ena of the musce
In steaks or chops (Weir, 1953 esy
and Oliver, 1954 Paul and Bratzler 195
Ginger_and Weir, 1958; Batcher and, Daw-
son, 1960) and from_side to side within a
chop (Murphy and Carlin, 1961). In this
study, obtaining cores from 4" positions
within a steak permitted further investiga-
tion of this problem. ~ Statistical  treatmént
was by the outline of the anal¥srs of vari-
ance In_Table 1 for hoth muscles

In. LD, differences between core positions
within a steak were srgnrfrcant for some lots
but not for_ all. Howgver, there is no eyi-
dence in Fig. 2 that the area nearer the
vertebrae (cores ong and two) was more

Table 3,

and conditions of cooking.

Longissimus  dorsi
80°C
BLxx

Variables
Longissimus dorsi 61°C
80°C
100°C
Biceps femoris 61°C

80°C

TENDERNESS OF BEEF

tender than that farther from the verte-
brae (cores. three an four), as.was re-
ported” in 9-10-11_rib roasts with panel
scores (Cover, 1937) or In pork loin chops
with shear-force valdes (Murphy and Car-
lin, 1961). In fact, the data in" Fig. 2 In-
dicate_that the tenderest area especrally
at 100°C, may have been around core three
f(farthest from the vertebrag and near the
at edge). In the analysis of variance (Ta-
ble lf) témperature differences for LD were
srﬁnr icant at the 0,1% level in a| lots.
Sftear-force values of the cores in all posi-
tions increased as the temperature in-
creased from 61 to 80 C. This chan £ Was
responsrbe for te ore%orng Sign rcance
because there was little_change between 8
and 100°C (Fig. 3). The mteractron be
tween temperatlres and cores was not sig-
nificant except i lot 4. This means, In
general, that meat from all positions in' LD
feacted to heat n a similar manner,

In BF, however, differences hetween core
ositions” were_pot significant In_any ot
emp erature differences were significant in
n?/three lots. But the interaction cores. x
peratures was significant for all nine
Iots (0.1% for 7 lots,” 1.0 and 5.0% for one
lot each) and therefore the test of the main
effects IS not straightforward. This means
that some areas Of the steak reacted to
heat in a manner different from the others.

Frg. 2, cores one and three usually
sheare lowest of the four cores at 80 and
but at 61°C core three often had

the hrghest shear-force value of the four
cores. ~For cores two an our from the
area of the muscle nearest te hone an
ﬁr core one on the fat side of Ihe mus%

shear-force values increased slightly be-

Poolfed correlati |on% calculated within lots for all possible combinations of muscle
ear-force values).

Pooled coefficients
Biceps femoris

100°C 61°C 80°C 100°C
81+ 16 H** 56**
91** 14 HY*F* 55**
11 60** 60**

39+* 29%*

86%*
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Fig. 3. Shear-force values averaged by core positions. Three temperatures within each core position.

tween 61 and 80°C but usually showed
Iittle further change hetween 80 and 100°C
(Fig. 3). For iore three, also on the fat
side” of the muscle, shear-force values often

decreased with increase I final tempera-

ture, @ com Ietef reversal of the trend in
cores two_and four. Such variations con-
tribute ewdence that meat is not homoge-
neous. Sampling tech mques must be planned
to minimize this lack of homogeneity. Thus,
using four, cores from qefinite areas separ-
ated " as W|dely as possible within a steak,
ang avera%mg them to %et a composite valug
for the steak, tended to minimize this lack
of homogenelty.

Extensibilify of muscle fibers. In LD,
the muscle fibers were much more ex-

tensible at 100 than at 61°C, a difference
that was_significant in all |ots used (Fig.
4g In BF “the trend was In the same di-
ction but differences hetween the two
tem eratures were significant only In lots
The fibers were much more

extensi Ie in LD than in BF. This differ-
ence was significant at both temperatures

for all lofs. used.

Interrelations of _ extensibilities  with
panel scores and with shear-force values
Wwere obtalned within a muscle and condition
of cookln(I] 2/ correlatlons pooled within
lots (Tah LD .the values most
closely related to extenmpllltg at each tem-
Perature were the shear-force values—posi-

Ively correlated. This indicated that the
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Fig. 4. Average extensibility of muscle fibers from steaks from two muscles cooked to two internal

temperatures.

roreater stretch was associated with the
|gher shear-force values (tougher meat).
LD at 100°C, where extensibility was
most pronounced, none of the coefficients
With seores was real hrgh but the hrghest
were for ease of fr tation, adhesion,
softness to tooth pressure and_mealiness—
all negatively correlated. " In BF, extensr
bility Was rather cIoseI?/ and posrtrve}/
lated to shear- force values at 1 not
at 61°C. In BF the relation also was con-
siderably cIoser at 100 than at 61°C be-
twe n extensipility and the scores for ease
ragmentation, a esion, and softness to
tooth pressure—a ne?atrveI?/ correlated,
The refation between extensibility and panel
scoref for tenderness of connective tissue
was low for both muscles at both tempera-
tures. Thus, the data suggest that extensi-
pility, lik reshear force, seeis to_be measu-
ﬂ? mainly the characteristics of the muscle

Hostetler and Cover (1961)I noted that
fibers from some blended samo es of BF at
6l and 100°C were too short for ?xtensr
rrtg/ determinations. |t was usua ry P
siblé in the present study to get |be
cores two and four (those nedrest the bone)
but often not possible. from cores one and
three at either of the internal temperatures.
Evident] there IS a real differenc betweﬁ
Bhe musCle fibers In ttrrs area close to
one and those on the outer side of the
F muscle.

u6-6.9
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5 Number of cores from which muscle

frberg were available arranged accordrnt_L to_panel
%oores for mealiness in the same steak. Biceps
emoris at 100°C.
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A posslble relation ma F
tween muscle fiber ava|a|
scores for mealiness in B (Cover
et al. 1962c). It was found th at If the
score for mealiness was 3./ (very slightly
mealy) or below, muscle fibers from"that
steak ‘were always available from at least
three cores, but Usually from four. On the
other hand, |f the mealiness score was 7.0
(mealy or a ove, fibers were usuaIIy avail-
able from on B/ two cores or ewer Steaks
with scores Detween. 3 0 showed
Intermediate avallablhtles of flbers (FI? 9).
This seems to |nd|cate that the quality de-
tecte anel as mealingss may be
re ate p 3|ca characteristic 0
cooked to (very short muscle fibers).
Mealiness scores at 61°C were very low be-
cause at_fhat temperature any ven( short
muscle fibers which were present were
nearly always mojst and soft instead of dry
and hard—a requirement for the mealy ser-
sation. . Yet within the same animdl the
availabilities were rather similar at 61 a
100°C.  Cover et al. (1962¢) suggested 2
Posslble connectjon betiween mealiriess and
ne cracks and breaks |n the muscle fibers
eveope unn gln of temeat reported

by Paul et al. (1952). The very short muscle
fi ers re orted here coud have been cracked
or broken before cooking. This possibility
should be investigated.
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Reticulataxanthin and Tangeraxanthin, Two Carbonyl
Carotenoids from Tangerine Peel
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SUMMARY

Reticulataxanthin and tangeraxanthin were obtained from tangerine peel;
both occurred in the diol fraction on countercurrent distribution, and on chro-
matography were found on the column above zeaxanthin as violet-red and
violet bands, respectively. Both contained a carbonyl group as a part of the
conjugated-dou_b e-bond “system. Reticulataxanthin was shown to be different
from capsanthin, hydroxycanthaxanthin, and citraurin. Both of these carbon

carotenoids apparently contained fewer than 40 carbon atoms, perhaps 34 or 3

In earlier work at this laboratory, a pig-
ment with a sPectraI absorption curve
similar o that or capsanthin (Polgar ang
Zechmeister, 1944) ‘was found 10 small
amounts in the peels of Valencia (Curl and
Bailey, 1956) and navel oran_ges Curl and
Bailey, 1_961?\ and In ?onm erably larger
amounts_n tangerine peel (Curl and Bajley
1957). This Plgment Is responsible, at least
In Part, for the redder color of tam{;erlne
peel. In earlier papers, the pigment was
referred to .as capsanthin-like of hgdroxY-
canthaxanthin-like. 1t was [ater found 1o
be distinctly_different from these_pigments
so was. named “reticulataxanthin™ (Curl
and Bailey, 1961). This pigment has now
beep further mvestl%ated, as well as a sec-
ond unusual carotenoid, . “tangeraxanthin,
also obtained from tangerines.
EXPERIMENTAL

Three lots of fruit were obtained at a local mar-
ket on December 12, December 20, and January 26.
The weights of peel extracted were respectively
99S, 1215, and 1714 g. In batches of around 500 g,
the peels were blended for 1 min with 1000 ml of
methanol, 1700 ml of water, and magnesium car-
bonate (L% by weight of the peels). The blends
were worked up as previously described (Curl and
Bailey, 1961), including saponification by potassium
hydroxide in a one-phase system of ether-methanol.
The saponified carotenoids were then dissolved in

“A laboratory of the Western Utilization Re-
search and Development Division, Agricultural Re-
search Service, U. S. Department of Agriculture.
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a mixture of hexane and 95% methanol, the layers
well mixed, the lower layer separated, and the upper
layer extracted twice more with 95% methanol.
The carotenoids in the combined lower layers
were then further fractionated by countercurrent
distribution in a 101-tube Craig apparatus, using a
new solvent system (V, Table 1). The diol frac-

_Taple 1. Solvent systems used in countercurrent
distribution.

No. Components Relative volumes
i hexane, 99%. methanol" 18:1
i henzene, hexane, 87%
methanol 1:1:1.15
v hexane, 73.5% methanol 101
VA hexane, 75%, methanol 1:1
% hexane, acetone, 37.5%
methanol 1:1.15:0.43

“Consists of 99% methanol and 1% water.

tion, which included reticulataxanthin and tangera-
xanthin, was a strong red color, and was separated
visually as the upper layer transferred from tube
100 in transfers 140 to 199. The diol fraction was
chromatographed on magnesia (Sea Sorb 43)
(Curl, 1961). Spectral data (Table 2) were ob-
tained in a Beckman DK-2 spectrophotometer.
Several carbonyl carotenoid solutions were re-
duced by sodium borohydride in 95% ethanol (Curl,
1962). The rates of reduction by sodium borohy-
dride of several carbonyl carotenoids were com-
pared by the method of Critchley et al. (1958),
using as solvents both absolute and 95% ethanol.
Other carotenoid solutions were treated with hy-
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CARBONYL CAROTENOIDS FROM TANGERINE PEEL

Table 2. Spectral absorption maxima and Ni« values® of various carotenoids.

S

Carotenoids Solventh Nioo value ¢
Reticulataxanthin (507), 478, (457)a B 67(11) : 64(IVA)
495, 465 H
470 E
Reticulataxanthol 486, 456, 431 B 48(11) ; 47(1V)
Reticulataxanthol methyl ether 465, 436, (412) H ()
Tangeraxanthin (520), 484, (463) B
Tangeraxanthol 494, 463, 437 B 56 (I1)
Tangeraxanthol methyl ether 480, 450, 427 H 32 (1)
Tangeraxanthol dimethyl ether? (480), 451, (428) H 76 (1)
13-apo-2-carotenal (493), 468 B 60 (1)
480, 455 H
13-apo-2-carotenol 460, 433, (410) B 42 (1)
Capsanthin (510), 484 B 45 (11) ; 23(IVA)
498, 469¢ H
Capsanthol 487, 456, (430) B 22 (1)
Dehydrocapsanthol methyl ether 495, 464, 439 B 39(1) ; 93(11)
Canthaxanthin 480 B 94(11); 34 (I
464 H
Citraurin 497, 467 ¢ B
ONi« value is position of maX|mum Fer 100 transfers on countercurrent distribution.
bB, benzene ; H, hexane ; E, ethano

cRoman numerals de5|gnate solvent system (Table 1).
gVaIues in parentheses are for shoulders or inflections on spectral ahsorption curves.

Values from literature.

drochloric acid in methanol
1954).

Solvent systems used in countercurrent distribu-
tion runs are given in Table 1

(Curl and Bailey,

RESULTS AND DISCUSSION

Reticulataxanthin, On countercurrent dis-
tribution with system [l (Table 1), reticu-
Itaxanthln occurred In the djol factlon
Curl_ana Bailey, 1957). To obtain larger
quantities of this substance. (a minor Ca-
rotenold constnueni) considerabl
quantities of material than usual
resultlng in the formation of o
ratin muIsmns ThIS was a
Part y USe of apre Imingry ghasn: separa-

etween hexane and 95%  methanol.
Separations were much more rapid wnh a
new solvent system (Y, Table 1), which
?lves a seEara on 3|m|Iar to that With 55{5
em 1l exc ﬁt that, unlike |n system
5,8-epoxides have appreciably hi her Ni.o
values than the corrésponding 5,6-epoxides.
This did not prove to be a handlca in the
resent study, where the obgect was r|-
arlly o separate reticulataxanthin,
does make system V/ of less value In gen-

larger
Were Used,

wly sepa-
leviated " In

eral carotenoid examination where system
Il 15 used to separate the polyol. diepoxide
diol. monoePomde diol, and diol fractions.
As reporied earlier (Curl and Bajley,
19572 on chromatography of the djo| frac-
t|on rom tan(I]enne Deel, a strong violet-red
band (reticu at xanthin)  occufred  above
zeaxanthin, which was €luted from the col-
umn with  10-15% ethanol in hexane. In
the carotenoids. from the fruit obtaine
December, a violet band (tangeraxanthin)
occurred above reticulataxanthin, which was
eluted by 15-25% ethanol in hexane. This
hand was absent from the carotenoids from
the fruit obtained. In late January, and It
was not observed in earlier wor¥< Cur | an
Bailey, 1957) on tangering peels, In whic
the_ffuit was obtained’ on January 19

The spectral absorption curve of _reticu-
lataxanthin (Curl and Bailey, 1957) was
similar to that of capsanthin® ( Polqar and
Zechmeister, 1944), butte nnmP maxi-
mum_(for a crystalline preparation) was
at 478 Instead of 484 mn (in benzene) Cap-
santhin, a monoketo diol, was pfepared
from red garden peppers (in which it is
by far the most abundant carotenoid)
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(Curl, 1962). On countercurrent distribu-
tion in solvent systems II and IVA, the
Nioo values of capsanthin were much fower
than those of reticulataxanthin (Table 2).
These results show definitely that the tan
gerine pigment was not capsanthln T ree
minor carotenoid constituents of red

Rers of Incompletely known structure a 0
ad spectral absorption curves similar to
that of capsanthin, but these also differed
markedly from reticulataxanthin* in- N 1o

Ues.
Canthaxanthln (44'- dlketo [3-carotene)
had a. principal spectral absorption maxi-
mum in benzene at 480 mfi, close to that
of reticulataxanthin. The, Nioo value In sys-
tem 11 was 94, much higher than that of
the tangerine pigment. _ T an earlier report
(Curl &nd Bailey, 1957), it was considerea
Ros ible that the tangerine ?gment Was a
lydroxycantnaxanthin. The spéctral absorg
tion curve in hexane of capsanthin (Polgar
and Zechmeister, 1944) had two maxima, at
498 and 469 mix The tanqenne ggment
I|keW|se had two maxima, 4 n

mil, In hexane Canthaxanthin Inhexane

had a single maximum at 464 i, with no
apparent inflection.  This. indicate$ that re-
ticulataxanthin has a chromophore similar
to_capsanthin, but different from canthaxan-
thin, hence is quite unlikely to be a hydroxy-
canthaxanthin,

Zechmerster and Tuzson (1937) found
an unusual red pigment in the peel of Sicil-
lan oranges, for wh|ch the name_citraurin
Was ro ods Th |s Hgment C30H4002,
was an_aldeh ye hydroxy-/S-apo-2-carot-
enal (Flg. The spectral absorption
m wmg of mtraunn were at 497 and 467

I In ?nzene values somewnat lower than
those of reticulataxanthin. ~ Citraurin was
not available for comparison, but /3-apo-2-
carotenal  was,  The' spectral absorption
maximum of this substance, I benzene was
at 468 mfi, with a minor inflection at 493
m/i, and In hexane there were two maX|ma
at 480 and 455 m/c The values, of /3-a
carotenal were thus ca, .o mi shortr |n
wavelength than those of the tangerine pig-
ment, hence the latter is obviously different
from’ citraurin.

Solutions of carotenoids having_ a car-
bonyl group as a part of the conjugated-
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double-bond = system, such as /S-apo-.-Ca-
rotenal, canthaxanthin, capsanthln and cap
sorubin, have a considerably redder color
in ethanol than Jn the s%me concentratlon in
hexane or petroleum ether, and the spectral
absorption  maximum In” ethanol i about
9 mu higher in wavelength whereas solu-
tions of non-carbonyl “carotenoids nave
similar color _and absorption maxima in
ethanol and in hexane. " The_ solution of
reticulataxanthin was also considerably red-
der in ethanol than In petroleum ether, and
te rsTnectra absorption maximum was at

t whereas in a solution of the same
matena In_petroleum ether it was_ at 463
ml. ThIS indicates that the tangerine pig-
ment has a carbon¥I group as a part of the
cor@u ated double-bonid system.

apsanthin has a conjugated-double-bond
system with a keto g rouB at one end, with
1o carpon-to-carbon “double b?nds the last
one beingin t e 5,0-position of the /S-ionone
ring, as in yS-carotene.  The lower wave-
length of the 'spectral absorption maxima of
reticulataxanthin - might  indicate that no
dounle bond .is present in the 5,6-position.
Two possibilities are that the double bond
has heen replaced by a 5.6-epoxide group,
or that It has been shlfted to the 4,5-posi-
tion, as In a-carotene: hoth of these con-
f| urations are well known. The sPectral
absorption  maximum  of capsanth
ePowde gCurI 1962) was }he same as {hat

reticulataxanthin (478 mit In_benzeng).

It was ound that the addition of “one
drop o ))/ rochloric aC|d to a solution of
retlcu ataxanthin in ca. 4.ml of ethanol
resulted in a decrease in wavelfen%th of the
spectral absorption maximum of only : /i,
Whereas with 3 5,6-epoxide the maX|ma are
decreased ca. 20 mx This shows that the
tan erine ltﬁlgment 15, not a 5,6-epoxide.

another ex?enment t0 fest for the
Presence of an allylic_hydroxyl group
|culataxanth|n was dlssolved in” methanol
contalnlng 2/ rochloric a(:| and the solu-
tlon neuta| ed after standing for .o min,

Bro duct was used In a Countercurrent
dlstn ution run W|th soIvent system 11,
T e |oova e was found to be s, a ch nge

(i |s indicates the absence, of &n
aII IC %/roxy group as In_an a-lonong
nng with a hydroxyl group in the 3-posi-
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tion.  With Iutem WhICh has such a con-
flguratlon the aylc Yrox group |s

methylated with 4 resufting con5|dera e
Increase in Nioo value in sys em | from
10 to 38 (Curl, 1956% (Fig."1). Petracek

CH3ACHj

V\?hZ ch— r+ ch3oh—-

H' 'CH  CH CHO *

Fig. 1. Conversion of an allylic h drox [ grou
as |ng lutein, to the methyl ethgr YErOXyT 9rotp.

and Zechmelster 1956 showed that cer-

tain all IQ hyd TOX rou sn C&I’Ot noids
were réad Y metnylated aCI methanol.
This meth atIOH has b een shown to ogcur

|n secondary allylic_alcohol groups on rings
|ke the a-1ononé (Fig. 1) ;the behavior Of

g rlmar or tertiary” alcohols, or of
second aco ols in o[pen chains, has ap-
parently not heen reported

CH, CH,

These . results, |nd|cate that the tan-
gerine ngment Is_distinctly different. from
ca santhif, citraurin, and canthaxanthin, 1t
appears that it s a previously undescribed
Q Igment, for which the name_“reticulata-

thin” s proposed, since the Prmmpal
source found for this pigment so far Is In
the. peel of the tangerme Citrus retlculata

This | m nt is, mainly responsible for the
redde gco or of tan(fermep pee? than of
orange peel.

Crystallization o] reticulataxanthin. Re-
ticulataxanthin was found to be  reaily
soluble In benzene and methanol, and rather
sparin I;{ soluble in hexane, It was more
difficult to crystallize than other carotenoids,
such as lutéin and cryptoxanthin, apﬁar
ently because of its greater solubility, w
may be related to a considerable dlfffrence
Detiveen the two ends of the molecule.
was obtained in crystalline form by dis-

ch3 ch3 ch3

GHz A c-ch:ch-c:ch-ch:ch-c:ch-ch:ch-ch:c-ch:ch-ch:c-ch:ch-co[—gh-chS}

ch3 ch3

cn%‘Ac =CH-CH=C-CH=CH-CH= C-CH=CH-CH=CH-C=CH-CH=CH-C=CH-CH=CH- CO[-g ]

CH3 CHj

CHz C-CH=CH-C=CH-CH*CH-C=CH-CH=CH-CH=C-CH=CH-CH=C-CHO

ch3 ch3
T,
ho <" leoHs (a)
chd ch3 ch3 ch3
&
d CH (b)
o TR CH]
i
/6ffch\5v\
HO CH, (C)

2Hh
Cfls 'VC=CH-CH=C-CH=CH-CH= Cl_(!H CH- CHCHCla-ICH CHC CH CH=CH- ¢ - C-CHj

1oy C\

ch3o h3 )

_ Fig. 2. Tentative structural formulas of; |
citrautin (3-hydroxy-/3-apo-2-carotenal) (definite) ;

chd chd
A H CH2
OH
reticulataxanthin; Eb) tan eraxanthm (c)
(d) dehydrocapsanthol methyl ether.
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solving a quantity of about 8 mg in 2 ml
of benzene, transferring to a ]/2-0z bottle,
and filling the bottle carefully by layering
on hexane. The bottle was tightly stoppered
and allowed to stand on its side overnight
in the refrigerator. The crystals were small
rosettes adhering to the wall of the bottle;
a relatively large amount of apparently col-
orless material was also present, adhering
to the glass also. This colorless material
was not removed by recrystallization. Be-
cause of this contamination the melting
point and elemental analysis were not de-
termined. | .

Preparation of reticulataxanthol. 1o a
solution of crystalline reticulataxanthin in
95% ethanol was added some sodium boro-
hydride, and the mixture was allowed to
stand a few hours in the refrigerator. The
solution became much paler in color. The
recovered carotenoid had spectral absorp-
tion maxima in benzene at 486, 456, and
431 mfi, values only slightly lower than
those obtained with crystalline lutein; the
shape of the curve closely resembled that
of lutein. It was obtained in crystalline
form in very small amount by a procedure
similar to that used with reticulataxanthin.
The close agreement of the spectral absorp-
tion curve with that of lutein indicates the
presence of a double bond in the 5,6-posi-
tion. Reticulataxanthin and capsanthin ap-
parently have the same conjugated-double-
bond system. The difference in the spectral
absorption maxima of these substances is
probably due to the different groups in
the molecule beyond the carbonyl group.
Karrer and Jucker (1950) state: carbonyl
groups conjugated with the system of con-
jugated double bonds have a pronounced
effect on the absorption spectrum, and pro-
duce bathochromic displacements, the mag-
nitude of which varies from case to case.

The Niuo value of the reduced compound
(reticulataxanthol) in system 11 was 48,
compared with 67 for reticulataxanthin.
The resulting compound, apparently a diol,
had an Nilo value much below that of ze-
axanthin (69). This may be accounted for
by the presence of somewhat fewer than 40
carbon atoms in reticulataxanthin.

The rate of reduction of reticulataxanthin
by means of sodium borohydride in ethanol

(both absolute and 95%) was compared
with the rates of /3-apo-2-carotenal, can-
thaxanthin, capsanthin and capsorubin (the
latter two were obtained from red bell pep-
pers) by the method of Critchley el al.
(1958) for differentiating conjugated alde-
hydes and ketones. The results are given
in Table 3. Critchley €t al. obtained com-
plete reduction (in alcohol) in 10 min or
less for a number of conjugated aldehydes
(13-apo-2-carotenal was 90% reduced in 10
min), the time for canthaxanthin (4,4
diketo-yS-carotene) was 60 min, and for
several other conjugated ketones 60 to 100
min. In the present work, in absolute eth-
anol reticulataxanthin was practically com-
pletely reduced in 30 min, a value in-
termediate between the values obtained for
[3-apo-2-carotenal and canthaxanthin, while
capsorubin and capsanthin were quite in-
completely reduced in 120 min. From the
results of Critchley 6t al, it appears that
an increase in the size of the molecule may
result in a lower rate of reduction. Hence
reticulataxanthin, which has one more con-
jugated double bond than ;S-apo-2-carotenal,
and hence at least 2 more carbon atoms,
may be a conjugated aldehyde i
%reatment bfg reticulataxanthol with hy-
drochloric acid-methanol. A solution of
reticulataxanthol in hydrochloric acid-meth-
anol became an opaque brown color. After
standing 2 min, an excess of potassium
hydroxide in methanol was added. A coun-
tercurrent distribution run using solvent
system | was carried out on the recovered
product. Three maxima were obtained,
with N 100 values of 78 (48%), 31 (45%),
and 9 (6%) ; these values respectively cor-
respond to a monoether or diether (?), a
monol monoether, and a diol. lhe fraction

Table 3. Time for practipallgl complete reduction
of several carbonyl carotenoids by NaBH, in ethanol.

leme mir])

LSt
Carotenoid 95| 100%
Reticulataxanthin 10 30
13-apo-2-carotenal 3 10
Canthaxanthin 16 85
Capsanthin 35 120+
Capsorubin 55 120+
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with N 100 value of 31 had spectral absorp-
tion maxima in hexane at 465 and 436,
with a shoulder at 412 m/x; this was appar-
ently a monol monoether with the methoxyl
group on the carbon atom that was a car-
bonyl in reticulataxanthin, since the original
hydroxyl group in reticulataxanthin was
found not to be allylic. The spectral ab-
sorption maxima of this fraction are about
8 mix lower in wavelength than those of
reticulataxanthol; this may indicate conver-
sion to CIS or dICIS isom ers; the hydrochloric
acid-methanol treatment usually results in
considerable trans-CIS isomerization.

The maximum with NWo of 78 was un-
usually wide, with shoulders at Ca 69 and
92 (hydrocarbons). Since this fraction was
obviously a mixture of at least 3 com-
ponents, an attempt was made to rechro-
matograph it. However, nearly all of the
color remained at the top of the column
(some even remained in the sodium sulfate
layer) and showed no signs of being eluted
by 1% ethanol in hexane, which elutes most
monols readily; only about 5% of the pig-
ment was eluted, with absorption maxima
in hexane at 464 and 436 m/x, close to those
of the Nioo 31 fraction. Apparently a major
part of the reticulataxanthol had been con-
verted to an unstable reactive substance,
possibly a polymer; the formation of the
brown color on the hydrochloric acid treat-
ment was unusual.

Fig. 2a shows a tentative formula for
reticulataxanthin, based on the above re-
sults. The portion of the molecule in brack-
ets is uncertain; it may be simply a hydro-
gen atom.

Tangeraxanthin. The violet hand occur-
ring on the column above reticulataxanthin
had a spectral absorption maximum of 484
mix (in benzene), with pronounced inflec-
tions at-520 and 463 and a rw-peak at 378
m/x. These values are similar to maxima
observed in capsorubin (520, 486, (460),
and 380), a diketo diol occurring in red
peppers, though the shape of the curve was
quite different. This band amounted to less
thapn 10%, as much as the reticulataxanthin.

Reduction of tangeraxanthin. on sodium
borohydride reduction, the solution changed
from a rather strong pink to yellow. The
spectral absorption maxima in benzene were

now at 494, 463, and 437 m/x; the change
indicates the presence of one carbonyl group
in the conjugated-double-bond system. The
above maxima are in good agreement with
those of dehydrocapsanthol methyl ether
(Table 2), tentative structural formula.
Fig. 2d (Curl, 1962), formed by the action
of hydrochloric acid in methanol on capsan-
thol. The Nioo value of the reduction prod-
uct in system 11 was 56, a value somewhat
higher than that of reticulataxanthol (48),
which may indicate the presence of 2 hy-
droxyl groups in a larger molecule, or else
one of the hydroxyl groups is in a some-
what less expoged position. . .
Treatment of tangeraxantliol with hydro-
chloric - acid-methariol. ~ The solution in
methanol was allowed to stand 2 min after
addition of the hydrochloric acid. A coun-
tercurrent distribution run in system | was
carried out on the reaction product. The
main fraction (63%) had an Nioo of 32
(@ monol monoether ?), with minor frac-
tions at 9 (5%) (diol), 63 (11%), and 76
(22%). The spectral absorption maxima
of the main product (in hexane) were at
480, 450, and 427 mlx, indicating no change
in the conjugated-double-bond system. The
maxima of the Nj,« 63 and 76 fractions
were similar to those of the N,0o 32 frac-
tion, indicating that no further conjugated
double bonds were formed (one of the
minor fractions was probably a diether).
A tentative formula for tangeraxanthin is
given in Fig. 2b. The structure of the part
of the molecule in brackets is uncertain;
the chain might possibly end with a CHO
group. The hydroxyl group in the ring,
being allylic, would be expected to be
methylated readily (as in lutein), the hy-
droxyl group formed by reduction of the
carbonyl group perhaps less readily.
/S-apo-2-carotenal. For comparative pur-
poses, yS-apo-2-carotenal was reduced with
sodium borohydride. The spectral absorp-
tion maxima of the product in benzene were
at 460, 433, and (410 ) m/x. The N 100 value
in system | was 42 (/8-apo-2-carotenal in
this system was 60). The Nioo value of
cryptoxanthin, a typical C-m monol, was
56-57. The lower value for /3-apo-2-carot-
enol was caused primarily by the much
smaller molecule (C ), though the different
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position of the hydroxyl would have some
effect.

Reaction of fd-apo-2-carotenol with hydro-
chloric acid in methanol-ether. After ireat-
ment for 5 min with hydrochloric acid in
methanol-ether (1 :9:5, by volume), a coun-
tercurrent distribution run was carried out
with system |. Two major maxima and one
minor were obtained, with Ni00 values of
93 (63%), 79 (32%), and 42 (5%), cor-
responding respectively to hydrocarbons,
monoethers, and monols. The spectral ab-
sorption maxima of the first fraction were
at much shorter wavelengths than those of
[3-apo-2-carotenol, indicating a loss of 1 or
2 of the conjugated double bonds. The
fraction with Nmo of 79 had spectral ab-
sorption maxima in hexane at 445 and 421,
with a shoulder at 400 MQ.; these values are
several MQ lower than those of the starting
material, which may be accounted for by the
formation of m-isomers. It appears that
in /3-apo-2-carotenol, the primary alcohol
group (which is allylic) formed a methyl
ether in acidic methanol, but the major part
of the material was converted to a hydrocar-
bon or hydrocarbons of unknown structure,
with a shorter conjugated-double-bond sys-
tem than in /3-apo-2-carotenol. Possibly a
polymer was formed.

In all three experiments in which reduced
carbonyl carotenoids were treated with
hydrochloric acid in methanol, a consider-
able part of the products consisted of sub-
stances with Nioo values considerably above
those of the monomethyl ethers. In the case
of tangeraxanthol, which apparently has two
allylic hydroxyl groups, this consisted in
part of a diether, but in the other two ex-
periments, major parts of the product con-
sisted of substances containing fewer con-
jugated double bonds than the starting
material. This phenomenon had not been
observed in numerous other carotenoids
tested for allylic hydroxyl groups, except
for compounds containing 5,6-epoxide
groups. Apparently a dehydration of the
alcohol group at or near the end of the side
chain occurred, followed by other reactions,
possibly involving polymerization. In some
cases at least, it appears that allylic alcohol
groups at or near the end of the side chain
are not methylated as cleanly as when at-
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tached to carbon atoms in a six-carbon ring.
The similarity in behavior of reticulataxan-
thol and y8-apo-2-carotenol on treatment
with hydrochloric acid-methanol may indi-
cate that the chain ends with a CH20H
group in both compounds, and that, in
reticulataxanthin, the chain may end in a
CHO. The different behavior of tangera-
xanthol may be due to the presence of a
—CHOH—R group at the end of the chain,
with R being an alkyl group such as methyl;
tangeraxanthin would then be a ketone.
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Involved in the Dénaturation of Frozen
Cod Muscle Protein8

New Factors

R. MALCOLM LOVE
Tarry Research Station. Aberdeen. Scotland

(Manuscript received June 11, 1962)

SUMMARY

Earlier work has shown that when the concentration of tissue salts in liquid
solution in frozen cod is increased by freezinﬁ;1 at a certain rate, the rate of
denaturation of the proteins of the flesh is enhanced during subsequent cold
storage. The present work is concerned with conditions under which the pro-
portion of ice and concentration of tissue salts decreases, and with the sub-
sequent behavior of the muscle in cold storage.

Cod were frozen before the onset of rigor mortis, vacuum-dried at —29°,
embedded in paraffin and histologically sectioned. The ice crystals showed up
as holes. Measurements of the areas of muscle and ice in photographic en-
largements of the sections showed that the pre-rigor frozen fish formed
relatively less ice than post-rigor frozen fish under the same conditions. It
was further shown that the pre-rigor fish then underwent less denaturation
after cold storage than did the controls.

Storage time/denaturation curves at narrowlv-spaeed temperatures near the
melting point showed that the rate of denaturation did not continue to increase
as the melting point was approached. Above a certain temperature the rate be-
gan to decrease, and this again appeared to be due to the decrease in the propor-

tion of ice, increase in free water, and consequent dilution of tissue salts.
The effect of decreasing the amount of ice in the tissue by the use of
glycerol, and of the abolition of ice altogether by ultra-rapid freezing, is

described.

When cod are frozen, the muscle proteins
gradually deteriorate. The appearance of
the muscle becomes dull and rough, much
“drip” exudes on thawing out, and the
product becomes tough and fibrous to eat.
The extent to which this undesirable proc-
ess (“denaturation”) has occurred in a
sample of muscle can be assessed by measur-
ing the solubility of the proteins in 5% NaCl
after homogenization (Dyer, 1951) or, with
greater accuracy, by measuring the resist-
ance of the individual cells to mechanical
breakdown (Love and Mackay, 1962).

While, in general, the rate of denatura-
tion is governed solely by the sub-zero stor-
age temperature, becoming progressively

aThe work described was carried out as part of
the program of the Department of Scientific and
Industrial Research.

reduced as the temperature is reduced
(Love, 1962), one particular condition of
freezing can increase the rate of denatura-
tion considerably, even at low temperatures
(Love, 1958).

At this critical freezing rate, when the
muscle cools from 0 to —5°C in about 60
min, each cell contains just one ice crystal,
which grows up the center. Fig. 1 shows a
longitudinal section of such muscle. It has
been concluded (Love, 1958) that the cell
minerals and small organic molecules such
as sugars become more concentrated at one
end of each cell in these circumstances than
in any other. It seemed that denaturation
occurred only in, the presence of concen-
trated salts, etc., in liquid solution, and that
therefore the denaturation would cease alto-
gether at very low temperatures where the
last trace of liquid had disappeared.

044
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Fig.. 1. Longitudinal section of fish frozen at

the Critjcal speéd, about 60 min, Light areas rep-
resent ice. Each cell contains just one column of
ice growing up the center. On left is the end of
one “ice crYstaI it is here that salts are believed
to, accumulate and, cause accelerated denaturatron
Distance left to right represents about 1 mm of
original tissue.

The present paper describes attempts to
reverse the special case b}r decreasing the
quantity of ice formed a particular
temperature, and hence Iowerrng the con-
centration of tissue salts with the object of
decreasing the amount of protein ~ dena-
turation.

MATERIALS AND METHODS

- The cod (Gadus callarias L.) used throughout
the work were caught by trawl net a few miles
east of Aberdeen, gutted immediately, and packed
in ice. They were worked up within 24 hr of being
caught. The fish from which the pre-rigor muscle
was taken were rested alive in large sea-water
aquaria maintained at 9°C. They were fed on
the chopped muscle of squid (Lolrgo forbesii
Steenstrup).

Since cod muscle is markedly affected by a
number of biological factors, the sampling tech-
niques of Ironside and Love (1958) were fol-
lowed to eliminate them, ensuring a raw' material
with but slight variation in composition and prop-
erties.

The proportion of ice in the frozen tissue was
calculated by preparing histological cross-sections
10 g thick, essentially by the method of Koonz and
Ramsbottom (1939), and staining with hema-
toxylin and eosin. Images of the sections magni-
fied 125 times were projected onto photosensitive
paper, a graticule of about 1100 squares being in-
corporated into the final picture. The proportions
of ice to tissue were calculated by counting the
squares, using an electromagnetic counter. Thirty
photographs w'ere scanned for each set of freezing

conditions, representing an area of 75 sq mm of
actual fish measured (about 3000 cells). A mag-
nification of 500 times was used in the rapidly-
frozen specimens because of the much smaller size
of the ice crystals, so that the area of actual fish
scanned was correspondingly smaller. Because a
certain amount of shrinkage occurred during prep-
aration of the sections, the figures for the propor-
tion of ice cannot be related to those obtained by
other methods, e.g., calorimetry. The method w'as
felt to be suitable for comparative purposes, how-
ever, since the results were satisfactorily repro-
ducible and the technique was simple to carry out.

Soluble protein determinations were carried out
according to the method of Ironside and Love
(1958) with a homogenizer speed of 8750 rpm.

The cell fragility method was used as described
by Love and Mackay (1962).

For storage at temperatures close to the freezing
point, the fish were kept in cabinets in a room
maintained 5-10°C below their working tempera-
ture. The cabinets were fitted with a sensitive tem-
perature control of the contact thermometer type
which controlled the cutting in or out of a heater.
In addition to an insulated outer door, the cabinets
had an inner glass door, through which could be
observed the calibrating thermometer, mercury in
glass, which had a scale ranging from 0° to —6°C,
divided into hundredths, and which was itself cali-
brated at the National Physical Laboratory. The
bulb was immersed in a beaker containing about
Vi L of 40% glycerol, to smooth out minor varia-
tions in the temperature. The maximum variation
in the temperature of the internal air, which was
circulated with a fan, was £0.25°C, but the fluc-
tuations in a fish sample were much smaller than

this.
RESULTS AND DISCUSSION

Muscle rapidly frozen
before the onset of rigor mortis é re-rigor
muscle”) was found o contain 39.8% of Ice
standard error 3.08), whereas muscle
roz?n under the same conéntrons after the
resolution of rigor contained 60.0% (stand-
arg_error 3.24).
The mrcrosooprc aggearance of he fwo
2ypes muscle can be contrasted '(?
(the graticule has not heen i mcu ed
ere), and the smaller Pro Ltroré of ice |
the pre-rigor muscle " (fight-han Brcture
IS readrl seen. Such ice 1s more lobular or
rosette-s aged than that formed In p?se

rr or muse a_property discussed e
where (Love and EI #gr? s%on 3
When fillets had been frozen more slowe(
coolrng from 0° to —5°C In more than 100

Pre-rigor muscle.



Frgs 2 and 3. Cross sections of (2) post-rigor

and (3) pre- rrgor cod muscle, each frozen in about
5 min. Note the rosette shapes of the jce crystals
in Fig. 3, and the smaller proportion of ice.

minuges, there was a_smaller, though still
?dnrfrgant drfference in the amounts’ of Ice

In pre- and post rigor muscle, re-
sectrve 52% stan dard “error 1.2) and

ﬁ 3 the total. The reason for
t e smaller |fferences in sIowIP/ frozen 1sh
IS not known, but possib yte onger freez-
Ing time allows some of "the rrrTror changes
to"fake place, so that there is Tess physio-
Logrsré?l difference between the two typés of

When pre- and post-rigor cod fillets were
frozen aan colg storred rtgwas ?ound that the
re rigor muscle suffered less denaturation

0st-rigor.

The Pre-rr or fillets were obtarned from
cod that had een rested for 4-6 asater
tdre The contro ost -l 0”2 were of

Ilar srze nd cau (t nthe evrcrnrt
rYt';rnot er ship at once, and stowe

lce for 5 das efore the  experiment.
The}r ee filleted jU?t before freezrn?

e Ilets Were rozen at & qQifferent

Bee s h ste% Ing in an all-alumi-

num welded box > mm ick, the roor of
which was then cooled to —78°, The tech-
nrgue has been described (Love and Har-
ldsson,, 1961), In each of the & layers werg
5" pre-rigor |IIets 2 of which Containe
thermocoHpIes in the mrddle of the thi kest
oart of the muscle and 5 post- rrdor Illets
reated similarly A wide r nge of freezing
times was obtarned In this way.

When all the fillets had reached —60°C,
they were separated, wrapped individually

DENATURIZATION OF FROZEN COD PROTEIN

in aluminum foil to prevent drying, and
stored 56 weeks at —29°. They Were then
thawed. out overnight at 5° and the
naturation was measured by the squbIe
protein method,

The results in Fig. 4 show that the Rre-
rigor fillets were less denatured than” their
post-rigor counterparts in all cases. Each
point n_ the fi gure represents the mean
value of duplicate determinations on the
mixed sample from 5 fillets. The reason why
the post-rigor fillets froze rather mare slowly
than the corresponding pre-rigor fillets has
been dé%clussed already” (Love “and Haralds-
son,

Pre- -rigor muscle drffers In many respects
from Post rrgor 50 t ere are a varre?/ of
gossrbe reasons why the pre-rigor fillets
ecame less denaturéd than' the post-rigor.
However, since these results are in line with
the rest of the paper, the difference In_ the
amount of ice formed seems to be a likely
cause.

Behavior at temperatures near the melt-
ing point. _ Frozen muscle gust below its
freezrng point contains a rélatively large
roporfion of unfrozen water (Moran, 19

ledel 1956), which decreases sharply with
a small temperature g 9 hus, accordrnd
to Moran (1934), 36.5% of the water o
beef muscle” was " unfrozen at —2.5°C, de-
creasrn’g]; to 24.4% at —b°C. It seemeq pos-
sible therefore that the amount of ice in
frozen fish could be decreased to a point
where the tissue salts were insufficiently
concentrated to cause denaturation.

90 A’A/

o \/ /

1 11 1 1| 1 [ 1 Y S W N |
0 100 200 300 400
Freezing time (mins)

%

70

Soluble protein

60

Frg 4. Soluble protein of (A) pre-rigor and
post-rigor cod muscle frozen at “various
speeds and then stored for a year at —29°C,
Freezing time = time for center” of thickest part
of fillet"to cool from 0° to —5°C.
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_ Foil-wrapped pieces  of post-rlglor oocl
fillet were frozen at —29°C, then placed in
cold cahinets at all temperatures, from "5 s °
to —0.5°C, inclusive, at half-d_ef?ree inter-
vals. Ten pieces, each from a different fish
were removed after various gerlods for
measurement of denaturation by the cell
fraglllt methog (Love and Mackay, 19622,
aftér thawing (in"about » hr) in tfe labora-
tory, and the results averaged.
t has already been shown (Love, 1962)
that at temperatyres up to *4°C there is a
steady increase In the rate of denaturation
with “increasing temperature. The present
results showed™ that the Increase continued
from —35° up to —L5°C, where the rate
of reaction_was maximum. It can be seen
from Fig. 5 that the rate then decreased at
—1.0° and decreased further at —0.5°C, al-
thouqh some ice was still present in the
samP es. The experlmentﬁ were repegted In
entirety, with closely similar results, tne ex-
periméntal points “being in _many Cases
L%eimlscal with the corrésponding previous
The curves in Fig.. 5 have all been drawn
through the. same p%mt of origin (Ei/s(n=
0.914), which Is "the starting point aver-
aged over many experiments {Love, 1962).
The clear “discrimination "between the
curves is remarkable in view of the very
small temperature difference: it was made
possible only by the hlgh”accuracy of the
new “cell fragility methdd.” _
. The striking effect of storing under iden-
tical conditions but wdthout 1c8 is shown as
a horizontal line in the upper part of Fig. 5.
It was found possible fo keep unfrozen
pieces of fillet, wrapped together in qrou 5
?f 10, in the iabmet t —L5°C without their
reezing.  All ‘bundles stayed supercooled
except “one, which froze spon,taneouslr)( and
was discarded. The denaturation clearly de-
pends on the presence of ice.
_ Flg. s SOWS, ag{aln, the curve of frozen
fish at —L5°C, but this_time in relation to
those at —2° and —2.5°C. Because of a
rather larger scatter in the latter curves, it
was not possible to draw' them through a
common origin, but the clear discrimination
between curves can again be seen. The tem-
perature of —1.5°C s therefore established
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FI?. S. Toughness development at storage tem-
erafures of —15°C and above. A reduCtion in
if2cm means an increase in toughness. Note that
there is no toughness development, in the super-
cooled samples™ (T) where no .ice is present.
(After Love and Elerian, unpublished).

as the temperature of maximum denatura-
tion in the cod. Fig. 5 provides a rare ex-
ample of increased temperature resulting
In decreased reaction rate.

The use of glycerol. |t 1S NOW well kﬂOWﬂ
that the addition of qucerol 0 a susBenswn
of spermatozoa (PO %e et al, 194g an
blood cells (Smifh, 9502 greatly regluces
the mortality or hemolysis cdused”hy freez-
Ing. The glycerol was thought by Lovelock

1954) 1o act by lowering the concentrai-
on of cell saltS 1n the “frozen material,
hough Sloviter (1962) believes that its ef-
ectiveness rests on it aniljty to lessen the
echanical destructign usualla/ wrought dur-
ng ice crystal formation. In the present work
he effect of glycerol on the denaturation of
0d muscle was Investigated because the un-
erlyng gropertz of this substance, on which
ne anove two theories are based, is that it
can_atﬁach a considerable am_?uni of water
to itself, rendering 1t unavailable to form
ice. The hound Water can, however, stil
act as a solvent for cell salfs, so that' their
concentration Is k?pt low.
_The anterior halves of a number of cog
fillets were chopped Into 5 pieces of equa
length (about » cm), These were soaked
In 15% /v glycerol f?r 4 hrat 0°C, Indi-
vidually wrapped in aluminum foIl to pre-
vent drying, and frozen along with similar

—_o O —t—
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4 8 12 16 20
Days

6. Toughness development at storage tem-

era?ures of —1.5°C and below.

(After Love and
lerian, unpublished).

Ft untreated (Preces at —29°C. They were
Pace the following day ina room at —14°C
or storage. Every two weeks, two pieces
each of freated and untreated muscle’ were
removed and thawed (in about . hr) in the
laboratqry. Muscle tissue (myotonres un-
contaminated by connective tissue  (myo-
commata) Wwas “dissecte out accordr %to
temeth of Ironside and Lqve (C )
and mixed after cuttrn up with SCISsors

Two gortrons of about ndeaoh were Used
for solunle protein deternfination.

The results obtained so far are illustr ated
in Ig 1. Rate of denaturation was markedly
sm [Ter in th? glycerol-treated materrﬁl than

n the_controls,” showing once more that the
quantrty of ice Present IS probably the gov-
ernrng factor. [t IS pernaps worthwhile™ re-
cordi g that this concentratr n ?f glycerol
|mEart d very little taste to the fish;

urther experrments partraII?/ comloleted
have shown that 1o% glycerol is also ef
fective, but that 5% egceroI ha% little, if
any rotﬁctrve actiot.” This  observation
ees with that of Polge ct al, (1949? Who
re orted that the protective action o t¥
erol on frozen spermatozoa decreased Whien
the concentration was reduced below o %.
In_some recent work, Tamoto et al
(1961) reported that mono- and disaccha-
rides inhibited protein denaturation i cold-
stored Alaska pollack, but that polysaccha-

DENATURIZATION OF FROZEN COD PROTEIN

rides had no effect. The action here is pre-
sumably the same as in glycerol,

vitrification. TNhe CoNcentration of tis-
sue-salt molecules by treezrn? Involves their
being moved along the cell for a short dis-
tance, de Pendrng on the_length of each ice
crystal. 1t follows that if the muscle coyld
be frozen wrthout the formatron of any dis-
cretri bodr%s of |?e then the dtrssue %alts
would not be locally concentrated, and there
would be at least achance of reducrn the
protein denaturatjon, even of e |m|nat|nr%;
An mdrcatron of this kind was show
fish at —L.5°C, where denafuration occurre
onI if ice was present (Fig. 5). Luyet

Gehenio (1940) froze. protein collojds

wrthout ice (“vitrification”) by submerornd
very thin layers in Irdurd air; noting tha
crystals did “form if the preparatiorl was
al owed f0 warm up.

In this laboratary, mvestrgatron showed
that small pjeces of cod muscle dropped into
a large volume of iso-pentane cooled to

°C formed no_ice crystals, histo-
Iogrcal sections being indistinguishable un-
er the mrcro%cope rom thofse of fresh, un-
rozen trsh The advantage of using an inert
|ur suc as roentane of 150 pentane cooled
|n liquid arr instead of liquid air itself, was
that ho film'of msulatrng gas, formed round
the. specimen, so thaf “cooling was more
rapid. The technique Is widely used.

Twenty samples of about™ 1 g of cod
muscle freed of connective tisste, were

werri . Ten of them were then placed |n
smaI stoﬁ pered glass tubes. ﬁnd frozen x

placing 1n"a_vacuum r|]ar with solid carbo
droxr e (—78°C). These were to act as

Weeks at -14°C
Fig. 7. Denatyration, shown bly loss of protein
e

solubility, occurring in ‘cod muscle samples stored
at —14° with and ‘without a preliminary soak for
4 hours in 15% glycerol. (After Love and Elerian,

unpublished).
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cantrols, freezing. taking pIace in 2-3 min,
with _only small”ice crystals formrn? The
remaining ten were each chopped info s 1o
pieces of roughly equal size.” These were
dropped, one at a time, into about o001 M

of is0-pentane Ft —160.5°C. The iso rPen
tane | a meta contarner was surrou
with [iquid air until 1t started to_solialy,

at which point the little pieces of fish were
dropped in, freezing In less than a second,
The frozen fragments were then removed
and placed fod erin smaII sto ered tubes,
Irke the controls, and ples were
laced In a room at —14°C or storage.
very two weeks, two vitrified and two
control samples were removed and thawed
In the laboratory (18°C) In about 10 min,
and the dénaturation was assessed by the
soluble-protein techmriue

The vitrified samples so far %up to 10
weeks at —14°C) 'have at eac stora%
period denatured apprecrabI%/ less than tho
In_the “standard curve” ob arned previously
with - many samPIes Love and ronsrde
1958). Unexpectedly, owever the resen
controls behaved Tike the, vitrified s pes
and did not differ significantly from th em

protein solubility, ™ Perhaps the rath er
smaII Ice crystals in the controls drscourarg
denaturation In the same way as did vitrif
cation of the experimental samp es, of May-
be some ice crystals, formed in the vitrified
muscle after warming to —14°C. These
possibilities are bernﬁ] investigated. Mean-
while the findings of this experrment are in-
conclusive.

The conclusion fo be derived from all_ the
results is that dénaturation. can definitely
be slowed if the quantrfﬁ of jce g)resent ta
?rven temperature Is reguced. - Since reduc-
lon in the amount of ice reduces the con-
centration of tissue_ salts, the results also
support the contention (Love, 1958) that
dénaturation is caused, directly or indirectly,
by the action of concentrated tissue salts an
the proteins.

It seems, clear that the best way to cold-
store fish is still to keep them at'as low a
temperature as possible, ideally —30°C or
below. This and the complete prevention of
surface desiccation are the two most im-
portant factors,
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Where a low storage temgerature IS not
available, however, It s possible that storage
life could be usefully extended b P lica-
tion of some of the” more margr al Tactors
described in this paper. The use of pre-rigor
fish_Is advantageous, althou hthey must not
be filleted before freezrn% OVe,"in press),
and the color of the flesh 15 darker ecause
of undrained blood. Whether the results
of the applrcatron of glycerol or other sur[rars
wou |d justif Pl their cost is perhaps doubtf

d 1t 'would be feasible only where high
stora%e femgeratures are to bé used.

h conditions have in fact been recently
Bronose the ntention berng to slow the.
acterjal Inutrefactron of fish during long
rar jOUf eys (Golovkin and  Pershina;

. In some Iarge scale experiments,
those authors froze cod to low temPeratures
then stored them 1. weeks a 0

The product was rated favorably
N re ards putrefaction, compared with iced
fish, but the authors, noted the reduced ca-
pacity of the frozen tissue to retain moisture
after"thawing, this being another manifesta-
tion of denaturation. Glycerol would have
brought about improvement here. The pres-
ent Work also shows that the fish would
have been |mrlrroved by avoiding the tem-
Perﬁture of —1.5°C. They could with bene-
it have been brought to” the thawing_ tem-
peéat:ure near 0.4°C, or else kept below
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SUMMARY

In the flesh of certain species of fish, autoI%/trc hydrolysis of some lipids
may be totally inhibited. Examples are the nydrolysis of triglycerides in
herring and of phospholipids in dogfish. In other cases an initially slow rate
of hydrolysis of phospholipids may be followed by a faster rate. Such initial
partial inhibition is exhibited, for example, in cod flesh maintained at 0°C.
This initial “lag” may be abolished by freezrng at either a very fast or a very
slow rate, followed by thawing, but not by freezing at an intermediate rate.
No comparable lag has been observed in fish maintained in the frozen state
at any temperature, regardless of freezing rate. In unfrozen cod, or in cod
maintained at —°C and below, a terminal inhibition to the “rapid” phase
becomes evident at about 75% hydrolysis of the total phospholipids, and this
is foIIowed by extremely slow further breakdown. At —2.5 to —4.7°, however,

the “rapid” phase appears to proceed to completion. gdrolysrs of phospho-

lipids is promoted by the frozen state in two ways: a) a

olition of any initial

lag, b) increase of reaction rate. The reaction rate passes through a maximum
at about —4°C and even at —7°C is faster than at 0°C.

INTRODUCTION

It was recently sug ested (D er and
Morton Dyer et a a]n
Fraser, 1959 King et al, 1962
drolysis. of tissue rprds may be a factor rn
volved in the denaturation of fish muscle
protein during cold storage. While we con-
sider that this hypothesis”is not in harmony
wrth certain experimental frndrné; overn
1962a; Olley et al, 1962 0es' empha-
Size that post-mortem r[nrd hydralysis 1s a
current toprc of potentially great srgnrfrcance
t0 food technolo r%rrsts

aper, . flowever, is. not copcerned
wrth th srgnrfrcance of _lipid_ hydrolyss.
Rather, a ﬁceptrn as axjomatic “that” the
aim in such a Rro ess as chilling or freezing
IS to retard change of any kind, attentjon
s el on e ot e

1S r

? ﬁ tesy yhas heen sh)own with
the specres most studred (Gadus callarias)
that even when bacterra are freely multi-
Pyrng lipid hy 0 yirs IS not detectably in-
|Uence 3/ bacter enz mes OIIe and

Lovern, 196Q; Lovern, 1 g usquent
(unpublished)” work in ‘our Taboratory' has

shown that this is not because of mechanical
harriers to the bacteria, such as skrn since
the rate of lipid hydrolysis is the same In
eviscerated whole ¢0 f . skinned cod fillets, or
even minced cod flesh all stored In ice. It Is
also known (Olley and Lovern, 1960)f that
nop-enzymic * chemical_ hydroly srs of_ the
[ipids does not occur in froze Thus,
f r this sp%cres It seems safe to ostulate
that the s gect now under discussion re-
Iates soIeI the enzymes of the flesh and,
rntea ence of ag/evr enc? to the con-
trary, this rs assum d to apply to all the
spe ies considered.

In an attempt give an up-to-the-
min te unt of the resent status of our
wor rs still In"progress, some data
rnevrt (y reIate to ex eriments in which
the conditions selected were not altogether
the ones that Iafter findings indjcate as prob-
ably more informative.” Such cases are
Indicated as they arise.

GENERAL CONSIDERATIONS

Two majror rougs of lipids will be dis-
tinguished fo jares Nt purposes: trrg yeer-
ides and phospholipids.” The triglyCerides
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constityte an ene) érg/ reserve that in the 1L.e., bony fish, also studied by us, none of the
flesh, quctuates widely in amount from one  Elasmobranchs showed  a }/ eyidence of
species of fish to another and. seasonally post -mortem hydrolir{srs of he fesh hos
within a species. The phospholipids, being por pids.  Chemica
concerned_ wjth cell structure and, function, rgr ds of a shark cIoseI resemble those of 3
vary refatively little ;n concentration in the contain a srmrIar mixure of
flesh, either seasonally or with species. varrous p osphatidyl esters Yet after, for
The enz?/mes that hydroly i these two  ipstance, storage at —14°C for 16 weeks, no
casses o Id are lipase an a group of detectabte hgdrolysrs of these phos‘oholrprds
p ﬁor ases No evrdence has been found occurre In ither of two shark species
or the presence in fish muscle of those phos- Ot in & skate species, whereas in cod and
phor pases (C and D) that remove the nj- most other Teleosts some 30 60% of the
rogenous base or the phosphate-base unit —phospholipids _had been hydrolyzed (Olley
(Lovern 1962a) The other two phospho- €t al, 1962) The hydrol s rae e farrI
Irpases d(A B) resemble lipas rn that  similar in 1. specres but appreciably Iower
)( rol r{ze the acyl esters of the glycerol in the other two.
por jon _of the phospholipid, Irberatrng free  Virtually total inhibition of lipolysis of
attp acids. the flesh frigl cerrdes has been, observed in
should not be assumed that post-  $0Me Species % an there s o paral |lel
mortem auto ysIS hears an¥ resemb ance to In his reSEeCt Wrt the findings on phospho-
event in rvrnp tissue. here depot fat lipid breakdown. Naturally, “lipase activity
mobilization, o rnstance is under Nervous can be manifested onIy In sﬁecres with tri-
and hormonal control, and reaction products glycerrde contarnrn?fesh wereas the ersh
are removed by the blood siream. An ex- of all specres contains rp ospholjpids,
ample of lack of correlatron between known  meth o We_use to, distinguish hos hoIrpr
events in_the Irvrng fish and gost mortem g/dro SIS from trrgl cerrde hydrolysrs and
autonsrs IS furnishéd. by t rrrn? 10 measure their réfative importance wadien
ea arenﬂus This Is secres tha lat cer both occur simultaneously, dpends on our
ain. Seasons sdeposrtrn at In the flesh at ~ finding that phospholipid’ brea down 1n fish
a hrdh rate, hut a ﬁther seasons Is rapidly  flesh rnvo ves vrrtuallg Simu taneous Irbera
moblrzrnrr]r thrs lesh. fat, Yet in neither tion of both fatty acids from an%/ phosph
case 15 there anr( evidence of post-mortem lipid molecule dttacked. Lysophosp atr es
Ir(pase actrvrty In this tissue (Olley and Wat- do not accumulate to an dtectabe extent.
In specres Iackrn tr] Ycerrdes In the flesh,
TOTAL INHIBITION OF LIPID }ﬁco : srar fttre res&'on (rjnetcan
0 r free “fatty “acid production
HYDROLYSIS agar?tst t [hosphorus content o? the tofal
There are, some Species of frsh rn whrch lipids, - The slope of this line is the same

no progressive post-mortem hydrolysi for all species in which phospholipids alone
O "or 0ther class of Gissce | g (hals be are ern$ h drolyzed PIOSHIOIR

detected. This may be becaue the condl-  If tri cerrdes (or other phosphorus -free
tions under which ‘the fish have been held r rds su as the alkoxydiglycerides of dog-
are such as to inhibit Irpolgtrc of phos ho are hydrolyzed, “free fatty acid
rpol¥trc action In these particular tissues, erIb produced without correspondrn loss
and there are many varrants of storage con- rprd phosphorus. - Accompanyin

ditions that have riot been tested. However, phoIrprd breakdown, this will affect tﬁ sIope
the condrtrons we have used have been isuch of the. regression line  referred to above.
as wp]u promote o, p}ermrt lipid hydrolysis rs IS convenrent and experrmentally
In ot er species of fis srmge way of etectrng nde rmaérng the

Three sBecres of Elas1 obranp(h fish, re rate contrr utions “of triglycerides” and
cartilaginous fish of the shar phospholipids to free fatty ‘acid produc-
?roup have been studied. In compete co - tron It does, however, deﬁend on the uni-
rast to thirteen species of Teleostean fish, versality of our finding that lysophospha-
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tides never accumulate in significant propor-
lons and that phospholipase D activity
eading to loss o Irprd phosphorus witholt
Iberation of freg fatty acids, IS never mani-
ested in fish flesh.” So far we have not
ound any exception to these proviss.
Using thrs a(?proach we have failed to de-
ect any g/ Iysis . of the triglycerides of
herrin erh even in fish that”in life must
rave een seasonally mobilizing this fat
)()and atson, 1962), Theword ‘flesh”
must e emphasized. We ave found a slow
but defrnrte post-mortem lipolysis of tri-
glycerides in_ the skin and immediately-
Underlying adipose tissue. The herring and
the dogfisn (Sqitaliis acanthias) afford. ex-
amples of the two, extremes of total inhi-
bitjon of hydrolysis of one class of lipid
oply. Both” possess a ersh rich in phos-
Phorus free I|Pnds—tr| cerid T in éhe her-

and a mixture "of tri cerr es and
alkoxydrd cerrdes |n the do t]he her-
rrng autolysis affects onl phospho-

v)r S |n the dogfish, only the phosphorus
free lipids.

INITIAL INHIBITION OF LIPID
HYDROLYSIS

Wrth some nr)ecres of fish, cod and her-
r|n ern exa les, inhibition of phospho-
|g yro ysIs |s quite marked for some
nsiderable” period after death. No com-
Parable observations  have been made on
riglyceride _hydrolysis with a specres n
which this lipid is YdroI}/zed e% Tgfrsh
As would he expec he Ien? thrs
“Ia? period be ore the onset 0 VJ) g
drolysis depends on tem erature th cod
It 15 about 10 days at 0 C whereas at 20°C
It must be less than 24 hr and, In fact, was
not detected In our experiments at that tem-
perature. Data on herring are sparse, hut
at 0°C the lag_seems to bé comparable with
that for cod (Olley and Watson, 1962). We
have not yet studied the effect of storage
temperatures intermediate between o and
20°C. Tomlinson ct al, (1960) were unable
to Ietect any pgrr%ssphdh rde the%rmoSISrn(lcogd
21 h)rodon ePon atr} rhe[d at CForr?
ree weeks. Hydro ¥srs of some krn of

lipid (production of tree fatty acids) does
occur In the flesh of frozen lingcod at —12°C

1962), and the tofal lipid
ontent (0.85%) " impligs. that 1t is most
prro able that posnholrprds are involved,

hus it js possible that at 0°C the lag for
this species extends t0 at Ieast three weeks,
but that |nh|b|t|on wou not % german nt.

This lag at 0°C for cod and herring does
not represent a perrod of fotal |nh|b|t|0n but
rather a periog” when phosPhoI Ipid break-
down is occurring very slowly, There is no
definite break in“the hydrolysis rate curve;
rather does the rate progressively Increase,
more-or-less expanentially,

In contrast to the total inhibition referr%d
to earlier, this initial inhibition cannot
due to any lack of a stock of enzyme in the
tissue. One possible reason would be that
In the intact cell the main stock of enzyme
15 kept aPart from the bulk of the Phospho
lipids of the cell, and only after cellular dis
organizatjon, eq as a result of autolytic
proteolysis, could enzyme and _substrate
really Come together. An alternative possi-
bility might be' that conditions in the |ntact
cell “are Such that phospholipase. activit
hindered, e? , by an unfavorable local p or

(Wood and Haﬁ

lon_concentration.  Once again, non-lipid
autolytic, ef eCts, otr chant ges In mdernbr ne
ermeability, might eventually lead to fa-
Borable %) h/drtrongs for attac yon the phos-

pholipids.

Wg have i |nvef tigated the effect of cellylar
damage on tne lag period. Simple mrncrn%
of the tissue has no effect. The effect o
freezing, followed by prompt thawrn
been found to depend on the rate, of freez

% In_ work |nvo ving different individual

It is essential to use the “paired fillet”
tec nique unless the mean vaIues from large
numbers of fish are to be us% Otherwise,
biological varratron 0 bscures t fsrgnrfrcance
of anything other than ma or e ects
fillet from “each fish is su Jecte to the spe-
clal treatment under study, and the others
form a control series

The effects of freezrng at three different
rates are shown In rg In the
first exampe |ndrvr ual f||Iets Ioosel
wra ed I polyethylene as were ace

gdf d stor deya y_ d ff)erma
arrest (about —L to —5 C) me%sure
spear thermometer, was « hr._ In the secon
example, fillets were frozen in an air-blast
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Fig. 1. Development of free fatty acids in the
flesh” of cod frozen at various rates, thawed, and
stored jn ice: (2 very slowly frozen, (b) frozen
at an intermediate rate, (c) “rapidly frozen, (d)
frozen at intermediate rate and stored 7 days at
—7°C. In (d) one set of paired fillets was thawed
and stored in ice (X e X), and the other set
was left at —7°C Lines in (a, b, c)
represent the statrstrcal curve for all experiments
with unfrozen fish in ice. Line |n (d) indicates a
common hydrolysis rate up to 7_days. The toral
196C20)d flesh "is 0.67% ~ (S.D.£0.09)

lipid conten
(Olley ct al,

freezer runnrn%] at —29°C, the thermal ar-
r

rest being 22 nutes The fastest freezrnri
Was achreve by surrounding  individug
frlledts with finel CtUihed solid carbon di-
ox1de grvrn%at erma arreft of about ?e en
mrnute e more rapidly trozen Tillets
were held wo (da s In “cold Etora e at

—30° Cbefore t awing, to make them more

comparable to the more sowh{] frozen ones
which had remained overnight at —14°C
after freezrn All fillets were then thawed
e fn pi

grushed |cep gon o? ? Ietsg |n srmr ar %ag

were] burted directly in crushed ice.

The experimentdl points shown in Fig.
|-a,b,c relate only to the frozen and thawed
fillets. a statist]

The linés rep resen(s %a
plotted_ curve for cod stored in |ce without
any Initial freezrnﬁ based on all the man
experiments we have run with iced cod.

HYDROLYSIS IN FISH

The values for the paired fillets, which had
already been in ice for two daYs ‘hefore their
frozenand thawed counterparts, were placed
In ice, fitted well with this_ statistical curve,
but because of the time displacement were
not so well adapted as the curve Itself for

comparrson wrth the treated fillets, Values

for Individual. patred nfrf%lfgwrnlgetpsrcture

a
however, confrrﬁ that t
IS a consistent one.

In all cases, freezrnrrr resulted in a slight
productron of free fat 3/ aclds, a 1p enome-
non we have observed hefore. The effect
was partrcularly marked 1n the most slowly
frozen fish. In" these partrcular fish the lag
rr) ears t have been eliminated, but a curve

n trougn the experrmenta points
would cross that for untreated fish In ice
soon after the end of the lag in the latter
curve, - Thereafter, hydrolysis is slower In
the. fish that have been frozen and thaweg.
This latter feature, consistently observed In
other experiments, sug ests damage to the
enzyme Dy Slow freezl ieven thougn favor-
ablé conditions have been promoted for
Initial hydrolysis,

The intermediate rate of freezing has
produced no significant effect other than a
sligntly _higher~initial level of free fatt
acids. “ The Iaq remains and the curves do
not cross, so that there IS no evidence of
enzyme damage. Very rapid freezing has
abo |shed the Iag, bu does not appéar to

ave1 damage %e enz¥]
This effect of freezing rate on the initial
lag In Ir(rnd hydrolysis “should be kegt In
mrnd I consideringthe course of hydr I¥srs
In frozen fish, In_Our experiments at
and below, the fish, or whole fillets, were
air-blast frozen at a rate that should not
have abo |shed the lag had they heen
promptz thawed again. “Kept in thé frozen
state they showed no evidence of an mifal
In experrments run at —2.5,
0 and —4.7°C, 1t was desired to attain
these temperatures rapidly. since we were
then primarily interested”in the effect of
teﬂrper%t]ure f?n thydrolysrs rate ngeabgegron
where this effect is very greaf (s W
For each run, two frsFrBw re frllgted and tt?
fillets sliced (about & mm thrckR In a hacon
sheer. From ‘these slices, recta ?ular Digces
of about 20 § were cut and closely fitted
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into plastic bags that were immersed in ap-
Proprrate freezrn% mixtures of ethanol-water
0 Which solid tarbon dioxide was added
to give a “slush” of |ce and liquid. After
reezrngi the wraﬂae sfices were transferred
lon Dew fIasks fitted with heatrnr%
eIements and placed in a cold chamber a
—9°C.Thermostatic confro| was
tact thermometers In the flasks. It was vir-
tuaII}/ impossible to achieve accuracy of con-
trol to within 0.2°C, and In this temperature
region such a variation could
siderable scatter between the results of dif-
ferent runs. Freezrng rate, not measured,
must have varied over the range —2.5 10
7°C, which Is within the thermal arrest
zone. However, we_did conduct two runs
(at —4.0° and —4.7°C resPectrver‘) With
air-blast- frozen material (slices cut from
frozen_ fillets), and in the serres at —4.7°
the paired fillet technique was used, i.e., one
fillet was first ajr-blast frozen, the other
sliced directly and immersion frozen. There
was no apparent difference in subsequent
hydrolysis between air- blast frozen and Im-
mersron frozen material, An earl rer re ort
A
robably attributable to biol cavarrarr
Ernce dffferent series of frsh ere rnvoqver}/
Even with slices cuf from one fish there
will ‘be biological variation, and with two
h (to_give adequate materral for a long
run) this varrabrlrtY be expected t0
Increase.  The resufts In” Fig. 2 relate to

s EE:

Vol T R I
_ ) 7
l> 0

4°
Thagdat bAdgdd

Fig. 2. Production of free fatty acids in cod
flesh” maintained at temperatures "a little below
the freezing point. Results of different experi-
mental seriés at anP/ one temperature are indicated
by different symbols, but use of the same symbols
for results at” different temperatures does not im-
ply direct comparison. The total Irprd content ?f
cod )flesh is 0.67% (S.D.x0.09) {(Olley et al,

by con-

cause _con-

two or three separate Series at each tem-
perature. Despite considerable scatter It is
Clear that at no temperature was there anK
initial lag comparable to that occurring wit
unfrozen™ fish at 0°C, Statrstrczill there
IS some sug?estron of an initially"slower
h droI}/srs rate. in some cases, but’it is far
faster than during the lag phase af 0°C, and
the curves do not depart appreciably from
those for a firs{-order reaction (see below),
Desprte the fact that the freezrng rate t

to a%o |s?r the% e [s)o SIO\zn ffron?mr):g

a
parable air-blast- ?rozen material that freez-
|_% rate Was not te operatrve factor at
C. It appears that what-
ever ma be the cause of the initial lag at
0°C, thé conditions in frozen cod at arn¥
temperature are such that no lag of co
parable significance_qccurs. An earlier re-
Port (Lovern, 1962b) of a ag of at |east
ive days in cod stored. at —L.4°C should be
regardéd with  suspicion srnce whoIe fish
were simply placed in a cham er at that

temperatyre, and If freezing (as dppose 0
supercooling) occurred it” would” be  ex-
tremely slo

The” production of some free fatty acids
durrn% the freezrnlq and thawing Cycle Is
probahly attributable to the very rapid hY
drolysis’ that occurs at temperatres a Irtt
below the freezing point, Even the rapi
frozen fish spend some time in thrs te era
tyre region during thawing. Th |s Su j ct |s
discussed later. “Aholition of the Ilag
either slow or very- fast freezrn% contrasted
with the lack of any such effect by a par-
ticular mtermedrate rate of freezrn may
be understapdable in the | 3 Love’s
(1958) frndrn%s that cel| str cturaI aamage
may De least at intermediate rates of freez

ing.

TERMINAL INHIBITION OF LIPID
HYDROLY

Under a wrde varretu of storage. condi-
tions, viz,, unfrozen in 1ce, frozen'at —°C
and below or dry salted, hydrolysis of h
phos holipids_in Cod slows ‘dow markedIy
ater ahout 5% of the orjginal phospho-
Pr ave heen hydrolyzed.” Examination

the remarnmP phospholrords SNOWS N0
selective removal of particular fatty acids,
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nor any discrimination hetween the two
major components phosphatrdyl choIrne an
phosp atr ry et ano amrne Qua |tat|ve (y
g evealed by cromatorgra n
sificic- acrd -impregnated paper, the remajn-
rng phos hoIrprds closely resemble the In-
ItIElslmterur 61) showed that although th
r showed that although the
Phosp atrby? gters of choling and gthano
amine are hydrolyzed at comparabe rates

two minor components,. the ' phosp atrdyl
esters of 3errne and moi(tol are af%arent dy
unattacked over 37 weeks at —1

own anaIytrcaI data on the lipids after vari-
ous periods of storage are not adecpiate for
direct estimation of these serine and inositol
esters, but. we have found an mdrrect way
of estimating_them that confirms Bli g
observatrons Briefly, the phosjphatrdyl esters
of ethano| amrne serrne ana insitol,
%ether with polyglycerolphosphatides, can
e titrated to phenolphinalein, In contrast o
phosphatidyl choline. Knowing that phos-
phatidyl ethanolamine forms a Toughly con-
stant Proportron of the total phospholipids
over the greater part of hydrolysrs and

aIready havrn data on the total “titratable

acr dity of the ﬁh)gs holrg]rds at all stages of

hyarolysis in frozen fish, it was simple to
make a proportional deduction from the
titratable-acidity curve leaving the fraction
ahtt?t“abltostto D e
Pdesy has been geygny |§ % Wi
ShOWS that the Tatter value does not faII
Consrderrng the roughness of the method
our value Gf about «% Is In_fair agreement
with Bligh’s chromatographrc curve, from
which wé have determrned pIanrmetrrcalIy
tha Iphos(ghatrdy serine and Inosttol t0-
get0 Se K Iognt or about 5% of the total
Here Phen IS one reason why phospho-
lipid hydrolysis might ultimately “slow down
and pérnaps even Cease before completron
But at the level of 75% h dro srs readr
hdronzabIe ph hatidyl ¢ ?rne and et
ofamine still“ make u nearly 0% of fhe
total phospholr |ds ncreasrng com}getrtron
for the enzy by the o% er ol gor S
might be a Tactor, aIthoug Da so é
showed that phos hatrdy Inositol and poly-
glycerolphosphatides actually activate phos-

I'OST-MORTEM LIPID HYDROLYSIS IN FISH

phohpase B, enabhng it to attack lecithin
|nstead of only rysoleorthrn After the leci-
trn has gone posphatrdyl inositol, for ex-
amRe IS |tse attace

tourg under many conditions phos-
pholipid hydrol ysrs becomes extremely slow
after about 75% of it has gone We have
observed that thrs IS not sQ dt_temperatures
between about —°C and_the freezing point
of the tissye, It is also in this regron hat
the over-all hydronsrs rate 1s grea est (see
below). Our” datd_relate to emperatures
of =25, 33 —4.0, and —4.7. Our ac(g
experrmental funs ave not been exten eQ
beyond . about 85% y rolysis (60%, ree
fafty acids in the totaI |prds but statistical
examination reveals that the exponentral
hydrolysis rate curve asymptotically a
proaches 100% hydrolysis. ” This Is iri com-
Dlete contrast to Similar statistical treatment
of the data at 20, 0, and —/°C or below
where the asympote of the curve is at about
5% hydrolysrs It is of interest to note
that our statistician gave us these terminal

1 |
10 20 30 40 50 60 70 80 90 100
F.F.A.% total lipids

tal titrated phospholipid

= Calculated acidic phospholipid
° o

| | | I
5 10 15 20 25
Phospholipid P ma/100g flesh

Fig. 3. Changes in phospholipids titratable to
ghenolphthalern during ~autolysis of frozen cod

h. Results relate to all temperatures and the
crosses are means of all results aggregated to the
nearest S upits ¢C of FFA and P." Total titrated
phospholipids include  phosphatidyl ~esters  of
ethanolamine, serine, and inositol, and also poly-
glycerolphosphatides.  Titration 'units represent
percentage of total lipids, calculated on a mean
molecular Werght of 800 and one titratable group
in the maolecuTe. For details of calculated acidic
Iﬁrds which are the total titratable lipids minus
phosphatidyl ethanolamine, see text.
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vaIues based on free fatty acid data, with-
out knowing what the final IeveI of fatt
acids could e |n the mixed lipids (includ-
Ing unsaponifiable matter) when all phos-
pholipid had gone, viz,, about 80%.

A ‘formula Tor reaction kinetics that has
been found empirically to fit all the tempera-
tures, we have used 15 a modified. first-order
reaction equation, The modification In-
volves a factor (r) to take account of any
initial_lag. When "there 1s no lag, r equalS
ong. The formula is:

)]

Y=A—Bexp\-(K

in which Y is the content of free fatty acids
at time t. A_is the asymptotic final level of
free fattK acids, B is the difference between
A and the initial level of these acids, and K
the reaction rate. At —4.7°C and below, r
IS found statrstrca X to be 10 whereas ' at
°C |t IS about 2 —3.3, and
°C the data 1In Frg 2 suggest values
for r in the ran e of 103,
us at =25 to —47° there is no evi-
dence t fat the reaictron ra%e slows down he-
cause of accumulation ot any less-readily
hydrol )rzabe hospholipids. 10 this respect
It'is relevant fo note that even at other tem-
peratures the resistant fraction of the phos-
Phatrdyl choline and ethanolamine is at-
acked” slowly. Although the asym tote of
the first-order sta%e appears to e ta out
% hydrolysis, this staFe IS followed ¥
very sfow further ysrs Th us |n ish
kept four years at —14 (at which tem-
perature the fast reaction 1S over In about
one ear? 556 rol ¥srs had proceeded to the
exte t of 85% of the total phosPhoh ids.
At this staﬁe of course, not all the phos-
Bhatrdgl colrne and ethanolamrne have
een estroe in fact the data In
FIg. 3sow that essentrally only these two
Phospholrprds had been_attacked up to that
ime. At -2.5 to —4.7° the other groups
of_phospholipid must also he hydrolyzed
Wrthout any appreciable break in” the “rate

The lip I?S in the cell are Present inv r|
ous subcellular structures. hus after
flesh 1s homogenrzed in a Waring bIender
In 0.25M sucrose, followed bf/ drfferenHa
centrifugation, some 60% of

lipids are associated with a fractron com
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posed mainly of myofibrils, the rest being
associated With the mitochondrial, micro-
somal, and supernatant fractions (Young,
1962). ~ Assuming that thrs fractronatron
technrgue has ot refu tg whole_ series
of artifacts so far as rpr drstrr ution is con-
cerned, a matter on which adequate experi-
mental reassurance is desirable, It does raise
the possibility that some of the lipid js less
accessible to the enzyme. Chemically the
lipid mixtures of each of these centrrqu
tion fractions are closel g similar, so that
differential rates of hydr Igsrs accordrng to
location in the . cell wou not a fec t
over-all propartion of one phospholipid to
another—specrfrcally the “proportion  of
sphatidyl cholirie to phosphatidy| etha-
noIa ine. It could, however, concervably ex-
plain the markedI}/ lower rate of X lysis
under most conditions after the 75% stage.

PROMOTION OF LIPID HYDROLYSIS

It has been shown that no aﬁprecrable
initial lag occurs in phospholipid nydrolysis
In frozen”cod, and indeed, so far asour (ata
go, this also applies to the frozen flesh of
other species In whrch such hydrolysis oc-
curs, post- mgrtem This Is onekind"of pro-
motion attributanle to the frozen state, and
It should, not e confused with the effect of
the Treezing process, Despite the |mPortance
of freezingrate, cod frozen at the intermedi
ate rate and then stored In the frozen state
do not sh1pw any lag. h |
art from its effect on the initial la
it caﬂ further be shown that the frozen sta?e
greatly facilitates phospholipid hydrolysis
n fisf ersh In the first pIace despite “the
owerrno%o temperature, hydrolysis |s faster
at —°C than at 0°C (Loveém, 1962a).
Hence, some even stronger factor 1S op-
posing the normal retardrn effect of a fall
nte erature, To emonstrate that hy-
drolysis 15 really faster at —°C than at
0°C™1t is desirdble to circumvent the in-
fluence of the usual lag at the latter tem-
perature, and to use the paired-fillet tech-
nique. 1t is not valid to_compare calculated
rate constants for reactions mvoIvrn}g dif-
ferent kinetics. Paired fillets were frozen
y the method giving the intermediate
rafe discussed above) and then stored at
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—7°C for one week. Thereafter one set of
fillets was thawed and placed in ice, the
other left at —°C. The results of periodic
withdrawal and anal¥3|s are shown in Fig.
-0, where, despite the unexplained valugs
for the third palr of fillets, the general pic-
ture is obvious.

Assocjated with this eyidence for g pro-
moting Influence of the frozen state Is the
finding that hydrolysis rate does not pro-
gressively diminish with falling temperature
after passing_the point at which freezing
commences. " There is, of course, no definite
freezm% point” for such a material as fish
flesh. Some of the water in it will, in the
absence of supercooling behavior, turn to
Ice at a little below 0°C.” As the temperature
IS lowered, more and more wager will be
frozen while the concentration of solutes
the remaining water increases. At still-lower
temperatures, various eutectic solutions, will
freeze and the composition of the remammﬁ
liquia solution will alter qualitatively as we
as qu%ntltatlvelsy. This means that epzymes
and” their substrates may be brougnt” into
closer relationship as 4 result of concentra-
tion, and also that ionic and co-factor con-
ditions are altered. Whatever the explana-

.O5—
04—
T O3
~
o
o
02
Ol
| | | | |
- -2 -3 -4 -5
Temp.°C

Fig.. 4. Rate constants for hydrolysis of phos-
Fhohplds in cod flesh at temperatures a little be-
ow the freezing point. Open circles represent
calculations from individual experimental runs;
closed circles represent mean values weighted
statistically according to number of samples in the
run and Sstage of hydrol\{sw, early stages being'
considered more significant.

POST-MORTEM LIPID HYDROLYSIS IN FISI!

lipids n cod flesh at temperatures of —2.5
to —4.7°C show that the rate passes through
a maximum at about —4.0°C.” The rate con-
stants, calculated from the formula pre-
viously described, are shown in Fig. 4
Since " there IS no great variation in" any
case from a first-order reaction, it is valid
to comPare these constants. The enormous
effect of temperature on rate in this tempera-
ture range should be noted. Below about
—10°C the effect of temperaure on rate I
consistent and surprlsmgrlaf large by com-
parison with_the usual ‘magnittde for re-
actions in unfrozen systems. “Thus, over the
range of —10 to —29°C, a fall in tempera-
fure of less than 3° Is needed to halve the
hydrolysis rate (Lovern, 19620).  When
a mg temperature actually increases the
rate Of hyd 0|KSIS, 6., before the maximum
IS reafched, there mufst be a particularl
ul pro

tion, studies of hﬁ/drol sis rate of phospho-
ﬂesh

DOWer moting Tactor opposing this
marked opPosne effect of the température
reduction iself.

It may be of interest to note that the
emPerat,ure |\zlnﬁ mﬁmmum ph th?lﬁ)'d
nyarolysis rate is fiot the same as that found
by Love (1962) for development of tough-
ness, But in l%oth cases rate of change’ is
maximum in the region a little below  the
freezing point, which has clear implications
for the” food technologist.
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Development and Application of an Apparatus for Continuous

Measurement of Muscle Extensibility and Elasticity
Before and During Rigor Mortisab
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SUMMARY

An apparatus was develoged to study the extensibility and elasticity char-
acteristics of muscle fibers before and durln% the onset of rigor mortis. A
variable load (weight) was applied to a muscle specimen held in a chamber
under controlled conditions maintained by a thermostatically requlated car-
tridge heater, coolm% coil, and gas inlet. A solenoid cell, energized by a cyclic
timer, was used to release and apFIy the load in a direction longitudinal to the
vertically mounted specimen. A lever attached to the specimen-loading system
transmitted the extensibility and elasticity of the specimen to the armature of
a differential transformer. The output voltage from the secondary transformer
winding was directly proportional to displacement of the armature. This AC
output signal was rectified and transferred to a DC recording microammeter.
The time course of rigor mortis was not influenced by loading and unloading
interval or size of muscle strip, and was found to be temperature-dependent,
beml% prolonged as temperature was decreased. The white fibers of the
semitendinosus muscle were found to have a considerably longer delay phase
than the red fibers. The relations between the time course of rigor mortis
and the ultimate properties of the muscle were discussed.

INTRODUCTION | _

he onset, of rigor mortis in muscle tis-
has heen extensweIY studied in rabbit
Bate-Smith, 1939; Bate-Smith and Ben-
all, 1949) horse (Lawrie, 1953), Wharl]lg

T
Sue

[gMarsh f952), chléken (DeFremer;I 3
ool, 1960), “and " beef f(Marsh 954)
Strips of parallel muscle fibers of sPecmc
dimensjons were removed and subéec ed to
extensinility and elasticity studies as de-
scribed by Bate-Smith (1939) and Bate-

“Published with the approval of the Director
of the Wisconsin Agricultural Experiment Sta-
tion.

bThis investigation was supported, in part, by
a research grant (EF-81 C-3) from thé Depart-
ment of Health, Education and Welfare, Public
Health Service, National Institute of Health and
by the research committee of the Graduate School
from funds supplied by the Wisconsin Alumni Re-

search Foundation,
¢Dept, of Meat and Animal Science; ms. 360.
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Smith and Bendall (1949). The ends of
the fibers, were wrapped in adhesive tape
and held in the jaws of cllPs normally used
for making contact with terminals of car
accumulators (Bate-Smith, 1939) and the
loads were applied either manually or me-
chanically as described by Bate-Smith ang
Bendall * (1949),  DeFrémery and  Pool
61960?1 modified these exten3|b|I|_tr¥ mfas-
rements by sensing and recording elec-
trically rather than mechamcallg. o
The H?Of moytis a g ratus described in
this papel was developed to study the time
course  of rlgor mortls under various at-
mospheres, [0ads, Ioadmg ntervals, dimen-
sions of muscle strips, and chanqes in elec-
trical resistance, 1t 15 planned 1o use this
%ﬁ)&ara Us In fturther studies on muscle

aboilsm.
DESIGN OF APPARATUS

Fig. 1is an over-all view of the “rigorometer”

apparatus. The specimen chamber (Lucite) was
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parafus.
sealed directly to the mechanism unit, and conse-
quently required only limited laboratory space.
Atlsele strips were placed in Lucite jaws (Fig. 2)
faced with stainless-steel prongs. These jaws
were tightened to a fixed position, and this ob-
viated taping the ends of the fibers to prevent
slippage.  The electrical resistance attachments
were located on each jaw, making contact with
the sample through the steel prongs. No addi-
tional time was required to make the proper at-
tachment for this measurement. After the speci-
men was secured in the jaws, the entire assembly
was inserted into the specimen chamber (Fig. 3).
The specimen chamber was maintained under con-
trolled conditions, independent of the laboratory
environment, through use of a thermostatically
regulated cartridge heater, cooling coil, and gas
inlet. A small fan was placed at the bottom of
an internal chamber that housed the heater and
cooling coil. This provided uniform conditions
throughout the sample chamber.

The wire attached to the bottom pair of jaws
was connected to the armature of a solenoid cell
through a small hole in the bottom of the chamber.
The solenoid cell, energized by a cyclic timer
(Fig. 4), was used to release and apply the load
in a direction longitudinal to the vertically
mounted specimen. A lever attached to the
specimen-loading system transmitted the extensi-

FiP. . Outside view of “rigorometer” ap-

Fig. 2. Specimen jaws (Lucite).

bility and elasticity of the specimen to the arma-
ture of a differential transformer. The output
voltage from the secondary transformer winding
v'as directly proportional to the displacement of
the armature. This AC output signal was recti-

Fig. 3. Specimen chamber for holding sample
under controlled conditions.
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“Rigorometer” mechanism unit.

Fig. 4.

fied and transferred to a DC recording micro-
ammeter. The prong-faced jaws of the speci-
men clamps also served as electrodes for making
conductivity measurements. The initial resistance
of the unloaded sample was balanced by a variable
resistance. The change in electrical conductivity
of the sample during the course of rigor mortis
was indicated on the recording microammeter in
units directly proportional to the actual values.
Fig. 5 is the wiring diagram for this apparatus.

APPLICATION OF APPARATUS

Three phases of m{;or mortis were (le-
%ermlne on adjacent stri A{)S of araIIeI
loers (1 cm. X"s .CM), pical’ 2-min
mterval rlgor mortis , record |s shown In

FIQ. 6. " phase (Bate-Smith and
Bendali , 1949) represented virtually no
TRANS. %_L‘éé;“ ?— (—Q’E ©
DO I T
:; DIFF_TRANS)
.c—: j_v BQN
DEMOD. - Om
At s o HEMBA ﬂ
1C0S WSH ngaratus 5 .
J «
104 R o5 e

Fig. 5 Rigorometer wiring diagram.
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Fig. 6. Typical rigor record.

change in elasticity, whereas the onset phase
represented a coritinuous reduction in' elas-
ticity. When all elasticity had disappeared,
the.” muscle was considered in full” rigor,
which was termed the * completlon phase
The delay phase, onset phase, an comP e-
tion of r| or mortls W e eas| ty detected
FIg. 7|satyp|ca record of the fime course
of changes il extensibility and elasticity com-
Pared {0 the time course of changes In elec-
rical conductivity, This is_In"agreement
with the regort of Callow (1937), who found
that electrical resistance determined at vari-
ous gort -mortem intervals followed much the
same general course as the changes I elas-
ticity. “On the bagis of the continlious record
of electrical conductivity one could also de-
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Fig. 7. Comparison of rigor record with changes in electrical conductivity. A) Rigor

record; B) Electrical conductivity.

termine the delay, onset and completion
phases of rigor mortis. The determination
of electrical resistance under different cir-
cumstances and Its  relation to changes in

uscle Propertles will be discussed In"detail
elsewhe

Muscle strips  were dissected from the
I|ght portion (White flbers? of the semitendi-
nosus muscle Immediately after stynnin
%captlve -olt WplstoIP and exsanguination 0

Two “rigorometer” apparatuses
were Used to test ‘the application of this
equipment and the effect of various condi-
tions on the time course of rigor mortis,
Adjacent strips from the same muscle were
used in each “rigorometer.” One agparatus
was maintained & a control at 37°C, 100%
relative humldlty, nitrogen atmosphere, and
509 weights applied at_ 2-min’ intervals.
Ong of the conditions of time interval, tem-
erature, %lze of strip, atmosRhere or
elgt applied was varied In the second
apparatus.

Loading, interval. Variation in the time
interval of load application and release
Fig. s) of +,2, and « min as compared
o 5 min, was not found to influence the
time course of rlgor mortis. Althoug h h
equipment descrited in this paper can |oad
and unload the sample at intervals from

a few seconds to 15 min, use of a 2-min
interval made 053|ble the sfpecmc deter-
mination of the raB onset of rigor mortis
In many of the_muscles. Based On experi-
ence to” date with approximately 100, pigs,
the --min _interval “appears to Prowe a
more definitive differentiation between the
various phases than the 7-8-min  interval
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Fig. 8. Effect of Ioaqu nterval on the time
course of rigor mortis. “Delay” phase: no change
in elasticity. “Onset” phagse: "continuous reduction
in elasticity. Each phase is shown as a Eercentage
of the time for its respective phase in the control
apparatus.
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used by other workers. Srnce the onset of
rigor mortis was found to be extremely
varrable between prﬂs ranging from . min
t(? hr, and since t erﬁ were no srgnrfrcant
erences between 't ases rigor
mortis when the werghts were loaded an
unloaded at different time intervals, the
2-min mterval was selected for the re-

mainder of these studies.
For study of

the effects of temperature, the experimental
rigorometer was used at temperatures of
43, 25,21, and 10°C (Fig. 9). Results from

Temperatyre variation.

TEMPERATURE VS. TIME COURSE
158% prs
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B DELAY 231%

166 %

208%
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Fig. 9.
trmegcourse of rigor mortis, Each phase is shown
as a percentage of the time for its respective
phase In the control apparatus.

Effect of chamber temperature on the

the temgerature studz supgort several pre-
vrous reports on the acceleration of gly-
colysis wrt mcreasrng temperature (Bate-
Smiith,  1939; mith” and BendaII,
1949 'Bendall, 1951 DeFremerX and PooI,
1960° Lawrie, 1953: Marsh % De-
Fremery and " Pool 1960) found”that the
trme re% uired for 50% reduction in Initial
ncentratron was 50% less at 43

tan at 4 % [t was found in the present
studr{ that the uratron Qf the qnset phase
ota time for com etron of rigor mortis

C were markedly re uced (to 45%

and 5 o). When c? rt)ared tg he rtes at
°C. This_parallels the findings of Bate-
Smith %nd Bendall £1949) with Tabbit mus-

cle. The total time for rrgior completion
was 50% longer at 25°C than at 3/°C,

MEASURING MUSCLE EXTENSIBILITY AND ELASTICITY

50-60% Ionrger at 21°C, and apﬂroxrmate
130% Ion% at 10°C. Bate-Smith and Be
dall (1949) found that lowering the tem-
perature from 37 to 17°C decreased the
delay phase aPout 25 fimes and ha% an
eve larger effect on the “rapid" pase
|nce mosJ semrtendrnosus gorcrne muscles
roace te onset phase within 60-90
|n wh en the normal mterna fem erature
of the ham would have been 35-40°C. |
seemed that one could more near| srmulate
the normal condition bY conducting the ex-
5e7n56brlrty and elasticity measurements at

Weight of load, strip size, and atmos-
phere ~ Most of the previous regorts Indi-
cate the use of a 50-g weight at S-min time
Intervals.  Fig. 10 Shows results of this
study on the effect of werqht on the dura-
tion“of the delay and onset phase, Use of
a 125 werght Prolone the delay . phase
and accelera ed the raBVd phase, W |e the
use of a2 werﬁ as ‘found to_reduce
the duratron of botfi the “delax” and "onset

ases r¥ é)roxrmate g 2
Assow in rg 11, qu ru rng th Cros
sectional area of the strr had no' significant
effect on the time course of rigor” mortis,

Conversely, the rigor mortis process was
approximately 25% longer in'an  oxygen
EilONSET m DELAY
IV COUNSE
200+t
4
'ﬁ_—' 150+ g ®
2 <
Z 100}
> . -
50} & 7

Fig. 10.. Effect of weight on time course of
rr of mortis. Each phase i$ shown as a Eercentage

the time for its respective phase in the control
apparatus
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atmosphere than under nitrogen (Fig. 11).
This 1s in support of the Work of Bate-
Smith and Bendall (1949), who showed
a pronounced delay in the onset of rigor
when conducted uricer oxygen.

m%%%;gr

COURSE

n DELAY

ATM(%%HERE
Tl

COURSE

125%

MINUTES

Fig. 11. Effect of size of strip and atmosphere
on fime course of rigor mortis. Each phase is
shown as a percentage of the time for its respective
phase in the control apparatus.

Rigor mortis in varrous muscles. All
measUrements were made under the stand
ard conditions p revrousI?/ described. The
trme Course of rigor mortis was determined
In two, muscles from each of ten pigs. Mus-
cle strips of the light portion (white fibers)
of the" semitendinosus, dark portion (red
fibers) of the semrtendrnosus and_longissi-
mugs dorsi were used in these studies, ~

A comparison of the time course of rigor
between dark_and Whrte fibers of the semi-
tendinosus gFr 12h) g ort the work of
Lawrie (1952). The delay Rhase of the
red fibers was only one-folrth as long as
the same phase in the white fibers. Thered
fibers had a prolonged onset phase but the
totaI trme re uired “for completion was re-
uce )()a bout 40 /o when compared o the
W rte fi ers The ongrssrmus dorsi had a
pro ong e h phase wh en compared. with
either te |%t or dark sectrons of the
semitendinosus. This would seem to reflect
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intrinsic differences in the metabolism of
the muscle and character of the tissue rather
thaFn a pig menjt drﬁerencle it For
1gor recora vs. musc uall Qrl
eigh tg IPSO known breedrn% dy nutrrtrd/n
were utilized in this study. The muscle
strips were removed |mmed|atel after stun-
ning and bleeding and Were placed in the
rgor mortrs anparatus within s min of
déath. " values, sut#]ectrve color
SCores, and bjective color measurements
were determrned at various posf-mortem
Intervals according to the rirocedures de-
scribed by Sayre &t al
The relations of four tg es of rig or mortjs
Eatterns to musce prop tres are shown In
3. Both the rapid (10-min delay

phase) acid rigor (A ang moderatel slow
60-min delay phase) acid rigor (
sulted 1y, pale; soft, watery tisSue, N rmaI
tissue (firm and dry) was. associated with
the short delay, moderately Ionq onset phage
C) when the pH of the muscle at 45 min
remained high.” A lon g deIa hase and
an extremely long onset in (D) r
sulted in dark firm muscle that had vir uaIIy
no shortening after completion of the rigor
mortis process.

MUSCLE TYPE VS.
TIME COURSE

183 %

350,

O
o]

300-E3ONSET
ZZADELAY

29%  115%

SEMI.
NG D.R

Fig. 12. Effect of muscle type on the time
course of rigor mortrs L. Semi = [light section
semitendinosus ; Semr = dark section of semi-
tendinosus ; Long D. = longissimus dorsi,
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E IN 2.7 ]g ) r
lbREpE M

H-45 MIN

A

gﬁfﬁ% ft"t.,
g&ﬁ%&jﬁ% S

B
rirntut, iy

m LTS

Fig. 13. Effect of time course of rigor mortis on pork muscle appearance.

Other examples of ragld “amd" or “alka-
line", (Bate-Smith and Bendall, 1949) rigor
mortis showed severe_ shortening (40% and
subsequent IenPthemng 10
their original length. " These muscles ap-
peared to"be dark, moderatel I| ht or aIe
dependln? not onY upon PH of te
muscle af the onset of ri or but also u on
the duration of the onset phase, It IS th
fore ostulated that many of the varlatlons
[;r)]o muscle progerpes can be associated
the time course of rigor mortis.
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Canned foods ma}/_ be held at room tem-
erature with essentially

rom enz e
heat treatment used to sterilize the food is

Factors Affecting Heat Inactivation and Partial Reactivation

of Peroxidase Purified by lon-Exchange Chromatographyab

C. J. WILDER

Department of food Science and Technology, Oregon State University, Corvallis
(Manuscript received July 3, 1962)

SUMMARY

Diethylaminoethrl-cellulose (DEAE) was used in an ion-exchange chroma-
tographic fractionation of commercially prepared horse-radish peroxidase. One
major fraction was separated from other minor fractions and used for heat
inactivation and reactivation work. Heat inactivation was carried out at 250-
300°F, with most of the inactivation work at 280°F. Peroxidase activity was
assayed by measuring the rate of utilization of hydrogen peroxide in the for-
mation of tetraguaiacol from guaiacol. The concentration of tetraguaiacol
was measured with a recording spectrophotometer. The ionic strength of the
buffer solution in which the peroxidase was heated had an effect on its inactiva-
tion. Within limits, the higher the ionic strength the greater the heat inac-
tivation of the enzyme. Activity was maximum at pH 7. Purified per-
oxidase heated 30 sec at 280°F and stored 24 hr at 72°F, with the heat
treatment and storage time repeated three times, decreased in activity as a
first-order reaction. The stora%e temperature of heat-inactivated peroxidase
affected the rate and degree of reactivation.

INTRODUCTION product had been

sterilize it. Vettor et al.
no adverse effects strated
Yme activity because the customary

Esselen and Anderson (1956)

sufficient to Inactivate eanm,es m'th%'“s- data on the thermal destruction of p
However, enzyme Activity in high- dase In Seventeen different vegetables at
temperature short-time  (HTST) canfed 215-300°F and showed that the” degree of

processed suffluentl% to

1959)  derhon-
peroxidase regeneration In whole-
kernel sweet corn processed at 240-300°F,

vegetahles has been demonstrated.” In much
of _the work |n_v0Iv_|n% enzyme activity and
HTST processing it has teen noted that a
negative test for peroxidase Immediately
after processing was soon (sometimes within
24 hours foIIowEd by a [ﬁosmve test. This
phenomefon has been"termed a regeneration
or reactivation of the enzyme peroxidase.
Guxler and Holmauist (1954) reparted
that HTST-canned peas developed within
eight months, an off-flavor that they attrib-
uted to enzyme activity even though the

1Approved for publication as Technical Paper
1582, by Director of Oregon Agricultural Experi-
ment Station.

bPresented at 22nd annual meeting of the Insti-
tute of Food Technologists, Miami Beach, Florida,
June 11, 1962.
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heat required to prevent regeneration of
enzyme “activity during stqrage was 2-4
times as great ‘as, that required to destroy
the enzyme on a basis of tests made immé-
diately after heating. Farkas et al. (1956),
working with peroxidase from crushed fres
geas, found that regeneration of this enzyme
ecomes a factor ‘only. when the required
heat-inactivation time”is greater than tnat
growded by normal processing, e.g., above
55°F.  Schwimmer " (1944) “showed that
re%enerat_lo_n of peroxidase in turnip and
cabbage juice is a function of time and tem-
Perature., In a comprehensive review on the
hermal inactivation of food enzymes, Mc-
Connell %1956) stated that peroxidase ap-
Pears to be the most heat-resistant enzyme
ound in vegetables. Adams and Yawger
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(1961) determined peroxidase acélwﬁy and
color over a 4-week ‘storage period on peas
Procef ssed at 230-280°F, and reported that

et allty of the process required to In-
activate the enzymes was .o times as great
at 280 as at 250°F.

ince P?romdase can be obtained in a
highly purified state from horse-radish roafs,
much work has been done on the Kinetics
this enzyme  system.  Chance (1943,
1949ab) determined” the mtermedlate en-
zyme-Substrate compounds and studied the
Kinetics of the reactions of these compounds
with hydrogen donars, usm(r} a rap| d-flow
sEectrop tometric am) atys.  Maehl
(1955a) “studied the reco bination of equi-
molar amounts of protohemin and apo ro-
tein of horse-radish peroxidase In aqueous
solution by spectrthotometrlc techniques.

The present work was, undertaken to fur-
ther study the effects of heat in the rangi
of HTS cannmg (250 -300° g on hlghﬁ
Purlfled peromda t is hoped this “wi
ead to met hods by WhICh enzymes in foods

g/ _ |rr%ver? Inactivated  without

rheatin

MATERIALS AND METHODS

Enzyme. The horse-radish peroxidase was a
commercial preparation obtained from Worthing-
ton Biochemical Corporation, New Jersey. The
principal fraction obtained from cellulose ion-
exchange chromatography was used in this in-
vestigation. The enzyme, either in various solu-
tions or in the dry crystalline form, was stored
at 34°F.

Heat treatment of peroxidase. A 50-ml beaker
was partially filled with the enzyme solution, and
capillary tubes, open at both ends, were placed in
the beaker in a near-vertical position. Capillary
tubes were withdrawn singly, and the upper end
(approximately 20 mm from the contained solu-
tion) was heat-sealed in a small gas flame. After
all the tubes in the beaker were thus sealed at
one end, they were inverted and slowly centri-
fuged to drive the solution to the sealed end, and
the remaining open end was then sealed. Controls
were run in which the activity of the enzyme in
the beaker was compared with that in the sealed
tubes before heat treatment. Sealing the capillary
tubes in this manner produced no apparent effect
on the activity of the enzyme. The capillary tubes
were approximately 68 mm long, 0.8 to 1.1 mm ID,
with a wall thickness approximately 0.2S mm.
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Groups of from 4-10 sealed capillary tubes were
suspended at one end in partially extended metal
springs mounted below wooden rods in such a man-
ner that when the rods were placed across the open,
hot glycerine bath (approximately 10-L capacity)
the capillary tubes and metal springs were com-
pletely submerged in the heating medium. Different
periods and temperatures (250-300°F) were used as
heat treatments. The temperature of the glycerin
bath (continuously agitated with a submerged pro-
peller was controlled (£0.2°F) by a thermoregula-
tor. Timing was done with a stop watch, and
cooling was effected by plunging the tubes into cold
tap water.

The enzyme solution was removed from the
capillary tubes (usually four per assay) by break-
ing both ends and blowing the solution into a
small vial, from which a syringe was filled and
the proper amount delivered to the cuvette.

Peroxidase assay. The guaiacol test of Devlin
was used as reported by Chance and Maehly
(1955). The activity of peroxidase was measured
as the rate of utilization of hydrogen peroxide
(substrate) to form the colored product tetra-
guaiacol from guaiacol (hydrogen donor). The
FFOs was analytical reagent-grade 30%, diluted
with distilled water prior to use. The N.F. guaia-
col was redistilled at 205°C. The buffer solution,
pH 7.0, consisted of a |Omili mixture of solutions
of NaflflPCh and KH204 A Beckman DK-1 re-
cording spectrophotometer was used, equipped with
a constant-temperature cell holder that allowed for
continuous circulation of water at 20°C. Assays
were run at 470 mM with silica cells having a 10-mm
light path.

In all assays, the reaction cuvette contained
2.95 ml of buffer, 0.05 ml of 20m.I/ guaiacol, 0.01
ml of 40mfcf H202 and 0.05 ml of the test peroxi-
dase solution, giving a total of 3.06 ml in the
cuvette. The buffer and guaiacol solutions were
mixed 2.95:0.05 v/v in quantities of 200-300 ml
and placed in the 20°C water bath before all as-
says. Three ml of this solution were then placed
in the reaction cuvette immediately prior to plac-
ing the cuvette in the cell holder of the instru-
ment. The peroxidase solution was added to the
cuvette by a 50-/rl syringe. The H22 solution
was added to the cuvette after it had been placed
in the cell holder of the instrument by delivering
0.01 ml from a 10-/d syringe to the tip of a small
stirring rod, which was used to stir the contents
of the cuvette vigorously for about 3 seconds.
Then the recorder was turned on and the continu-
ing change in absorbance was recorded as a
straight line.
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Used to determine € the molar concentration of
peroxidase, was the equation reported by Chance
and Maehly (19SS) :

A-i
00-ki-;\t
where Ar= 75 X 10 e/tf, a constant representing the
H;02utilized in the formation of tetra-
guaiacol
flo=3.27 X 10.1il/, the concentration of guai-
acol in the cuvette before the reaction
starts
ki=2.2X105 at 20°C, the velocity con-
stant for the reaction of the secondary
complex with the hydrogen donor mole-
cule
Af = seconds required for the absorbance to
increase 0.05 as measured from the
spectrophotometer recording at 470 my.

Enzyme fractionation. DEAE-cellulose, type 20,
0.93 milliequiv/g was purchased from the Brown
Company, Berlin, New Hampshire. Before use,
the cellulose was washed by the procedure of
Mandeles (1960). It was then suspended in water
for several hours to allow trapped air bubbles to
escape, and the remaining fines were decanted.
The treated cellulose was then suspended in 0.11V
NaOH, and portions were poured into a glass
chromatographic column (2.6 c¢cm inside diameter
by 40 cm long). The settled column of cellulose
was 26.5 cm long. At this time, the column was
w'ashed to neutrality with water, followed by a
wash with 0.02M glycine until a blue band was
washed out of the column.

In the fractionation (Fig. 1), 100 mg of crys-
talline peroxidase were added to 10 ml of 0.02M
glycine, and the resulting solution was allowed to
sink almost entirely into the column before the
non-linear gradient elution was begun. The non-
linear gradient elution schedule was the same as

ABSORBANCE

|

| : B )
ol L T T e
o 50 100 150 200

Fg 1. Chromatography of peroxidase using
DEAE-cellulose and non-linear gradient elution.
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that of Mandeles (1960). The mixing flask at
the head of the column contained 750 ml of 0.023/
glycine, and the reservoir contained 750 ml of
0.02 mole each of KH»PO<, KoHPCfi, and glycine
per liter of solution. The flow rate was adjusted
to 2 ml per minute. When the solution in the
reservoir was exhausted, it was replaced by 750
ml of a solution containing 0.1 mole KH2P 04
0.1 mole NaCl, and 0.02 mole glycine per liter
of solution. When this solution was used up, the
reservoir was filled with 750 ml of solution con-
taining 0.1 mole KH220i, 01 mole NaCl, 0.03
mole HC1, and 0.02 mole glycine per liter of
solution. Ten-ml fractions were taken from the
column, and absorbance was determined at 280
my. When the absorbance at this wavelength
showed an increase, the absorbance on the par-
ticular sample was also run at 403 my (the Soret
band) as an indication of the porphyrin ring of
peroxidase.

RESULTS AND DISCUSSION

Tube numbers 8, 9, and 10 of the peroxi-
ase |on exchange separation (fraction A of
|4q8 d respective ratios of 1to 243,
and 46 of absorbance at 280 403 my.
In the range of 260-270 my the absorbance
spectra of"these fractlons were essentiall
Identical, These data Indicate  very oo
un|form|ty in those three fractions’ of the
first and largest portion that came through
the column.” These three fractions were
comblned labeled fraction A, and used in all
%% esgquent experimental work except where
Peroxidase activity was found in all the
peaks shown in Flﬁ 1 where a measurable
Increase in absorbance was noted at 403 my.
The molar concentration, of peroxidase as
determined b¥ the guaiacol assay, which
measures activity, was compared o' the cop-
centration a? calcu lated b th moIar ab-
sor tivity of 895 x 103 (Maghly, 1955p)
ﬁbsorbance at 403 my. These results
are shown in Table 1
A solutlon of unfractlonated peromdase

as made b Into a.25
WS X fasﬁI f||||n %wth dlstllled

volumetric
water, -~ Using the molar a sor%mty of
ave

89.5 x 103, & concentration of

was calcylated for this_solution, which

an apsorbance of 0.509 at 403 my. This
oDy s it e pevipisy desibed
prgceat}/re and neated aFt) dlf?erea/t tempera-
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Table 1. The molar concentration of peroxidase of five peaks selparated by DEAE-cellulose-
c

column chromatography comRaring assayed concentration with ca
e molar absorptivity of 89.5x10"

absorbance at 403 m/t and t
Tube Peak AR
9 A 3.428
41 B 0.067
45 C 0.022
54 D 0.018
84 E 0.013

tures for varying periods. Fig. 2 shows the
results in duplicate of the 60-sec heating.
These data indicate that the concentration
of peroxidase (measured by its activity)
decreased in a first-order reaction rate when
heated 60 sec at 250-300°F.

20r

o

X 10-8 M

PEROXIDASE

250 260 270 280

TEMPERATURE "F

Fig. 2 Reduction of Peroxidase activity heated
60 seconds at indicated
tial concentration of 56.9 X

290 300

To confirm the optimum activity at pH 7
as reported by Chance and Maehly (1955),
10mM buffer solutions were made up with

enzyme concentrations ranging from approx-

imately 45 to 90 X 10-10M in the assay
cuvette. The activity of the enzyme was
determined at the following pH
4.76, 5.60, 6.12, 6.69, 7.08, and 7.80. The
results (Fig. 3) indicate that enzyme activ-
ity was optimum at pH 7 under these con-
ditions.

Four phosphate buffer solutions of pH 7
were made having ionic strengths of 0.01,
0.03, 0.10, and 0.30. Fraction A peroxidase
(Fig. 1) was diluted in these buffers in an

emferatures with an ini-
0~3 M.

values:

ulated concentration using-

Molar concentration of peroxidase

guaéé%?ymbe){hod moqglrca lgg%}i%y
47.61x10-" 38.31x10"
38.98X 10 * 74.97x10-"
14.14x10-" 24.60X10'8
8.87X10-5 20.13x10-°
1.03x10-* 14.50X10-8

approximate concentration of 45 X KEEI/.
The buffer used for assay purposes in the
cuvette in the spectrophotometer had an
ionic strength of 0.10. Each of the four
different-ionic-strength enzyme solutions
was heat-sealed in capillary tubes and
heated at 280°F for 0, 5, 10, 30, and 60
seconds. Then they were immediately cooled
and assayed for enzyme activity. The results
(Fig. 4) indicate that at 0 heating time,
the greatest activity was at the lowest ionic
strength. The two lowest-ionic-strength so-
lutions imparted a greater heat resistance

[00i

90}

@
o

~
O

PEROXIDASE X 10-10m
(8] [¢)]
(@] (@]

o~
o
o~

IN
(6)]
o -
~
(00}

PH

Fig. 3. Activity of peroxidase at different pH
valugs.
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to the enzyme solution than did the higher-
ionic-strength solutions.

IOO{

=)

X010 72
NS
N
NN
N
0.30 M2

PEROXIDASE X 10-8 M

o 5 10 30 60
TIME IN SECONDS HEATED AT 280° F

Fig. 4. Reduction of peroxidase activity heated
at 280°F for_different lengths of time in buffers of
different ionic strengths.

To determine the effect of varying ionic
strengths during assay of the enzyme in the
spectrophotometer cuvette, the following ex-
periment was carried out. Fraction A perox-
idase was diluted in buffer of 0.01 ionic
strength, and samples of this dilution were
assayed in 4 ionic strengths of 0.01, 0.03,
0.10, and 0.30 as the buffer in the cuvette.
The results (Fig. 5) indicate the peroxidase
concentration in the cuvette. It is apparent
from these results that the lower the ionic
strength the greater the activity of the
enzyme.

2
2 90

01 0.2 0.3
T/2 OF BUFFER IN CUVETTE

Fig. 5 Activity of peroxidase in different ionic
strength buffers of the assay solutions.

The reactivation of heat-inactivated per-
oxidase stored at different temperatures and
for varying lengths of time was also deter-
mined. Peroxidase fraction A was diluted
1700 with 20mM phosphate buffer at pFl
7.0, resulting in an assayed concentration of
48.3 X IOAV. This enzyme preparation was
sealed in sterile capillary tubes with the
standard procedure and divided into several
lots. Aseptic procedure was not used, but
methods were used to hold microbial con-
tamination to a minimum. Separate lots
were heated for 0, 5, 10, 30, and 60 seconds.
Samples of all lots, after heating were cooled
to 34, 72, and 100°F and placed in storage
at those temperatures. The concentration of
each lot was determined immediately, and
again at the end of the following periods of
storage: 1/3 day and 1, 5, and 9 days. This
experiment was repeated but all tubes were
cooled to 34°F after heating, held at this
temperature for 2 hr, then stored at 72 and
100°F for the same periods as the samples
cooled to their respective storage tempera-
tures. There was apparently no effect of
cooling to 34° before raising to the respec-
tive storage temperatures. The activity of
the unheated enzyme declined somewhat
during the first day of storage at all three
temperatures, and then slowly regained its
activity up to approximately its starting
concentration of 48.3 X 10-8M except in the
samples stored at 100°F. These had a steady
decline during the 9-day period, from 48.3
to approximately 30 X KT8M, indicating
that the enzyme preparation diluted under
these conditions and stored at 34 and 72°F
was relatively stable but that the activity
steadily declined when the temperature was
as high as 100°F.

Fig. 6 graphs the results of averaging the
data and then calculating the percent reacti-
vation. It can be noted that after a partial
heat inactivation at 280°F and subsequent
storage at three different temperatures the
greatest reactivation occurred within the
first 8 hr, regardless of the storage tempera-
ture. The reactivation continued through
the first day for all samples. Samples stored
at 72°F continued to reactivate through a
9-day storage period. Samples stored at
34°F continued a slight increase in reactiva-
tion after the first day, and samples stored
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Fig. 6. Percent reactivation of heat-inactivated
peroxidase held at different temperatures.

at 100°F showed a maximum reactivation
at 1 day and then a slight gradual decline
in activity to 9 days.

Fraction A of the peroxidase enzyme was
diluted with buffer at pFl 7.0 and 0.01 ionic
strength. In all assays in this particular
experiment, buffer of 0.01 ionic strength
was also used in the assay reaction cuvette.
The capillary tubes were filled with the en-
zyme solution and sealed. The unheated
enzyme dilution was then assayed and found
to be 86.8 X KP8M. Immediately afterward,
all tubes were heated 30 seconds at 280°F,
and a sample immediately assayed was found
to be 37.3 X 10 8M. All of the heated tubes
were then stored 24 hr in a water bath at
72°F. Then a sample of the tubes of enzyme
solution was found to be 431 X ICHM,
showing an increase of 5.88 X 10~8 maoles.
Immediately after assay, all the remaining
tubes were again heated 30 seconds at
280°F, assayed, and found to be 148 X
10~8M, a loss of 28.3 X IGF8 moles, and put
in the 72°F water hath for another 24 hr,
during which the activity increased by 6.0 X
10s moles. The third heat treatment re-
duced the activity by 14.8 X 1CP8 moles, but
the third day of storage reactivated 3.96 X
10-s moles. The fourth heat treatment re-
duced activity by 7.48 X 1(T8 moles, but the
fourth dav of storage reactivated 2.20 X 10~8

JNACTIVATION AND REACTIVATION OF PEROXIDASE

moles. The ratio of moles of active enzyme
lost by heating to the moles reactivated in
24-hr storage periods declined over a four-
day period: 8.42, 4.71, 3.73, and 3.40. The
quantity of enzyme reactivated hbecame
greater in proportion to the quantity inac-
tivated by the heat treatment. The data are
graphed in Fig. 7.
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SUMMARY

Color changes in disrupted tissue of red heets were studied under various
conditions with a Hunter color and color-difference meter. Results showed
that both autoxidation and enzyme-catalyzed oxidation of brown-pigment pre-
cursors were responsible for the darkening of beet tissue. Histoehemical studies
on the localization of phenolase in red Dbeets showed that the vascular tissue
was the major site of enzyme activity. Fparently, the cell walls contained a
small amount of phenolase. Hrgh phenolase activity was observed in both a
beet extract and washed pulp of beets. Data are presented on the optimum
pH and substrate specificity of beet phenolase. A solution containing 2% so-
dium carbonate and 5% sodium chloride was found to be a good solvent for
extraction of the phenolase from washed beet pulﬁ At least four phenolic
compounds were separated hv paper chromatography.

INTRODUCTION work was Ibresented to support this route of
The darkening of sliced beets prior to degradatio

lanched Insufficiently, the surface of beet occur in the presence of oxygen.

slices, upon exposure’ to, the air for a short

time, acquire a brownish- red hue. a short period, the surfaces darken (L

extended " exposure, beet syrfaces m
ear black. This discoloration proble
een studied to some extent, but no clear- amount of oxy v% 6 /o? In the head space
cut conclusions, have_been presented on the ofacontarner ass

% tevenson (1925) ing near the surface. No studies have been

mechanrsm of darkenin
enoloxidase (tyrosi- reported on the identification of autoxidiz-

vented by suffrcrent heat treatment of the Mansford ana Raper,

at t e mechanjsm o ar enrn
the oxidation of polyphenols to nreIanrns or frve other unidentrfied” melanin- formrng

aid of polypheno

sterilized beet uree
uffic

lated that a po
Was e%al}se ar enrn and able constituents in these products

recommended heatin eets t0 66-82° Some rnves V\?atrons é ulliy, 1950: Wick-
edor'e/I cutting, and canning promptly. Clark berg, 1
nd Moyer

ort an

e"lin
d pqyphe)noloxrdase and can be pre- acid content of these roots &Bondrou
ssue T ese |nv tr ators proposed th resence of free and combined tyros
o?ve Weicﬁb ?956) found tyrosine, an/

h the formatron of quinones with the substances In sugar beets.
oxidase, but no research  The present paPer reports a studg
nature ‘of the darkening o red be
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the occurrence of phenoI
pounds In beet tissue.
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he brownrngi of sterilized intact and
issue has been found t

canned beet slices are exposed t0 the air for

% g 1956). Vilece et al. (1955), working with
found th tat a. small

ent to cause brown-

Shrimpton,” 1959)
(19%5) S ggested that’ surface  have mdrcated the presence of phenolases, in
ma with a heat-acti- ~ sugar beets. Several studies on the amrno

have shown
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MATERIALS AND METHODS

Beets. The beets used were the variety Rohnert
Detroit Dark Red grown during the 1961 season
near Madison, Wisconsin, and harvested in the
middle of September. Beets with diameters of
about 7.5-9 c¢m were selected and divided into 3
lots. Lot A was stored 1-6 months at 7°C, lot B
was stored 1-6 months at —23°C, and lot C was
canned. The canning procedure involved steaming
the beets for 18 min at about 99°C, peeling and
slicing (54-inch slices), adding 1.5% NaCl to beet
slices in cans, sealing, and heat processing for 35
min at 116°C. The canned beets were stored at
7°C for about 6 months. Fresh and frozen beets
were peeled and cut with either an O’'Brien Model
H Dicer or a stainless-steel knife.

Washed beet pulp. Washed, nitrogen-treated,
pigment-free beet pulp was prepared for studies
on the properties of the phenolase. Fifty ¢ of
peeled, diced, frozen beets (lot B), with no visible
brown tissue, were extracted with 200 ml of
nitrogen-saturated water at room temperature
(22°C). Extraction was carried out in a Waring
blender at high speed for 5 min in an atmosphere
of nitrogen to prevent oxidation of phenolic com-
pounds. The slurry was centrifuged at 4,300 X G
(at the center of the bottle) for 10 min, and the
supernatant was decanted. The remaining pulp
was extracted again with 200 ml of nitrogen-
saturated w'ater under the conditions mentioned
above. The extraction procedure was repeated 4
more times. The vyellowish-white material was
freeze-dried in a glass laboratory lyophilizer. The
dry pulp was pulverized in a Wiley laboratory
mill with a 20-mesh screen. The resulting white
powder was stored at —23°C.

Distilled water and C.P. chemicals were used.
Mushroom tyrosinase was obtained from Cali-
fornia Corporation for Biochemical Research, Los
Angeles, California.

Instrumental and visual analyses. Color changes
in beet purees were followed with a Hunter color
and color-difference meter calibrated against a
standard with the following Hunter values:
Rd = 64, a—+29.7, and b = +10.8. For color
measurements, the beet purees were placed in
plastic dishes, each with a 6-cm diameter. Optical-
density determinations were performed with a
Bausch and Lomb Spectronic 20 colorimeter. The
pH values were obtained with a Beckman Zero-
matic pH meter. Microsections of beet tissue
were cut with a freezing microtome (American
Optical Co.). Photomicrographs were taken with
Bausch and Lomb Model L photomicrographic
equipment, .

Darkening of beet tissue. Unheated beet puree
was prepared by blending 140 g of frozen, diced
beets (lot B) with 60 ml of nitrogen-saturated
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water (25°C) in a Waring blender for 3 min at
high speed, followed by 2 min at low speed. Dur-
ing blending, the beet mixture was gassed with
nitrogen. Unheated puree was used for the prepa-
ration of heat-treated and acid-treated purees.
Heat-treated puree was prepared by heating 200 g
of nitrogen-saturated beet puree for 60 min in an
autoclave at 116°C. The top of the container
was covered with an aluminum-foil cap. The heat-
treated puree was cooled to 22°C in a nitrogen
atmosphere before the color changes were meas-
ured. To study the darkening of puree at a low
pH value, unheated beet puree was adjusted to
pH 2.0 with 61V HC1 solution. Canned beet puree
was prepared from sliced beets (stored 6 months
at about 7°C) by the procedure outlined above
for unheated puree.

Ethanol-treated beet puree was prepared by
blending, in an atmosphere of nitrogen, 100 ¢
of frozen, diced beets (lot B) with 234 ml of
absolute ethanol at 22°C. The final puree contained
about 70% ethanol. A control puree was prepared
by blending 100 g of frozen, diced beets with 234
ml of water.

To follow the color changes of untreated and
treated beet purees in the presence of oxygen,
each puree was transferred to a sample dish and
pure oxygen was introduced into the agitated beet
mass. The Hunter Rd, & and b values were
measured at short intervals until no significant
changes were observed between consecutive read-
ings. Nitrogen-saturated puree was used for de-
termining the Hunter values at zero time.

Localization of phenolase. Cylindrical samples
of beets (lot A) that had been in storage for
about 5 months were obtained with a cork borer
having an internal diameter of 13 mm. Sections
with thicknesses of 120-150 /i were cut from par-
tially thawed samples. Histochemical localization
of tyrosinase in the tissue was accomplished by
the method outlined by Gurr (1959). Brown
pigments (melanins) are formed when infiltrated
dopa is oxidized by the action of localized tyrosi-
nase. The depth of the brown color is indicative
of the enzyme concentration. Photomicrographs
of beet sections were taken to illustrate the areas
of browning.

Phenolase in aqueous beet extract. Beet ex-
tracts, which were used in studies of the activity
and properties of phenolase in beets, were pre-
pared by the following procedure. One hundred g
of frozen, diced beets, with no visible brown
tissue, were blended with 200 ml of nitrogen-
saturated water in a Waring blender at high speed
for 5 min. During blending, continuous nitrogen
gassing was carried out. The homogenate was
allowed to stand in a nitrogen atmosphere for
30 min and filtered under suction in a sintered-
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glass filter. The filtrate was used immediately.

The phenolase activity in aqueous beet ex-
tracts (24°C) was measured by a modification of
the method reported by Bailey et al. (1960). A
volume of 100 ml of 0.05% dopa in 0.1M phos-
phate buffer solution (pH 6.8) was placed in a
250-ml beaker, and, while the dopa solution was
stirred with a magnetic stirrer, 1 ml of aqueous
beet extract was added with a fast-running pi-
pette. The time at which 0.5 ml of beet extract
had been added was taken as the zero time of the
enzymic reaction. The optical density of the reac-
tion solution (24°C) at 470 mg was determined
photometrically at short intervals. A 0.05% solu-
tion of dopa in O.IAi phosphate buffer (pH 6.8)
was used as a blank. No significant change in
optical density was observed during 60 min with
a solution consisting of 1 ml of aqueous beet ex-
tract and 100 ml of phosphate buffer. The rela-
tive phenolase activity of the extract was expressed
as increase in optical density per min.

The influence of pH on the activity of the beet
phenolase was determined by a modification of
the method of Ponting and Joslyn (1948). Deter-
minations were made in 0.LM phosphate-citrate
buffer solutions with pH values from 2 to 8 at
22°C. The procedure used was similar to the
one already described for the determination of
the phenolase activity except that 0.1% solutions
of catechol were used instead of a solution of
0.05% dopa, which autoxidizes very rapidly in
alkaline pH regions. Optical-density measure-
ments of the catechol-buffer-beet extract solu-
tions were taken at 470 mg.

Studies on the substrate specificity of the beet
phenolase were carried out with 14 different
phenolic compounds. In general, solutions with
5% phenolic compounds were prepared, but satu-
rated solutions of less soluble phenolic substances
were used when necessary (Table 8). The origi-
nal aqueous beet extract was diluted 20 times
with 0.00M phosphate buffer (pH 6.8). One ml
of either a 5% or saturated phenolic substrate
solution was added to each tube with 10 ml of
diluted beet extract. A 10-ml sample of diluted
beet extract was used as a reference solution. All
the tubes were incubated in a water bath for 12
hr at about 24°C. Thereafter, 1 ml of each solu-
tion was diluted with 10 ml of 0.013/ phosphate
buffer (pH 6.8), and optical density was meas-
ured at 470 mg. A blank consisting of 1 ml of
the particular substrate solution in 10 ml of 0.0L.1/
phosphate buffer (pH 6.8% was used in each case.

Phenolase in washed beet pulp. The activity
of the phenolase remaining in washed, nitrogen-
treated beet pulp wias determined by the following
procedure. Twenty ml of 0.00M phosphate buffer
(pH 6.8) with 0.05% dopa were added to 0.5 g

of lyophilized, washed, nitrogen-treated beet pulp
powder in a plastic dish, 6 cm in diameter. The
mixture was stirred during oxygen gassing, and
the Hunter color values were recorded at short
intervals. Used for zero time were the Hunter
values of nitrogen-gassed slurry, consisting of
05 g of the pulp powder and 20 ml of 0.01.1/
phosphate buffer (pH 6.8).

The substrate specificity of the phenolase re-
maining in the washed, nitrogen-treated beet pulp
powder was studied. The concentration of each
of 14 different compounds in 0.014/ phosphate
buffer (pH 6.8) was 0.05%. In each spot plate
cell, 0.5 ml of a particular phenolic solution was
mixed with 10 mg of Iyophilized, washed beet
powder. The mixtures were held for 2 hr at
about 22°C in a water-saturated chamber, and
the relative action of the enzyme in the beet
pulp on the various phenolic compounds was deter-
mined on the basis of the color developed. The
intensity of the color for each beet pulp mixture was
recorded according to the following designations:
0, no color development; 1, slight reddish-yellow;
2, moderately reddish-yellow; 3, yellowish-brown;
and 4, black. To compare the specificity of the
phenolase of the beet pulp with the specificity of
mushroom tyrosinase, similar experimentation was
carried out with 0.1 ml of a solution of mushroom
tyrosinase containing 0.01 mg of the enzyme.

For extraction of the phenolase from the lyophi-
lized beet pulp powder, a solution containing 2%
sodium carbonate and 5% sodium chloride was
used exclusively. Fifty mg of the Ilyophilized
washed pulp were extracted with 10 ml of solvent
by shaking the mixture for 20 min in a stoppered
13.5-ml plastic centrifuge tube in the presence of
a few small glass beads. Shaking was done with
a Burrell wrist-action shaker. The suspension of
pulp was then centrifuged 5 min in a Spinco
Model L ultracentrifuge using a rotor No. 40 at
6,590 X G. The supernatant was decanted and
filtered in a sintered-glass filter under reduced
pressure. The residue from the first extraction
was re-extracted 4 mere times by the same
procedure except that extraction time was re-
duced to 10 min and the amount of solvent used
in each extraction was only 9 ml. Enzyme activ-
ity for each extract was determined by the method
previously outlined for the measurement of phe-
nolase activity in aqueous beet extracts. These
determinations were made immediately after the
enzyme extraction because it was observed that
the extracts became cloudy upon standing.

Phenolic compounds in red heets. One hundred
g of frozen, diced beets (lot B) were blended
with 300 ml of 95% ethyl alcohol containing 1%
HCL in a Waring blender at high speed for 5 min
in an atmosphere of nitrogen. The homogenate
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was centrifuged for 10 min at about 4,300 X G
(at the center of the bottle), and the supernatant
was decanted. The residue in each centrifuge
bottle was extracted again with 300 ml of the
solvent. The combined centrifugates were concen-
trated to about 25 ml under vacuum in a rotary
evaporator with the flask in a water bath at
about 40°C. This extract was filtered through
Whatman No. 42 filter paper.

The method of Rudkin and Nelson (1947) was
not suitable for purification of the phenolic beet
extract, since most beet pigments were also pre-
cipitated by lead acetate. A method somewhat
similar to that used by Moore et d. (1958) was
found to give better results. The method is based
on retention of the phenolic compounds, particu-
larly phenolic amino acids, in a column of a
cationic ion-exchange resin. A column was pre-
pared of Dowex 50W-X8 (200-400-mesh), 25 cm
long and 15 cm in diameter. Before the column
was packed, the resin was treated as recommended
by Moore and Stein (1951). Before separation
was started, the column was rinsed with 0.1M
citrate-phosphate buffer solution (pH 3.4).

The pH of the concentrated phenolic extract of
beets was adjusted to 3.0 with 41V NaOH solution.
Two ml of this extract were pipetted onto 1he
resin column, and development was started with
0.L.1/ citrate-phosphate buffer (pH 3.4) under
atmospheric pressure and at room temperature
(22°C) until pigment was no longer observed in
the effluent. Final elution was achieved with
0.13/ citrate-phosphate buffer with a pH of 6.8.
Elution was carried out until the eluate gave a
negative reaction for phenolic compounds with
Folin-Denis reagent (Rosenblat and Peluso, 1941).
The total eluate obtained (after the change of
eluant buffer from pH 3.4 to pH 6.8) was concen-
trated from about 70 ml to approximately 8 ml,
under vacuum at about 40°C. The final phenolrc
extract was adjusted to pH 3 with 2N HC1 solu-
tion and stored at 7°C until used.

The phenolic compounds in the concentrated
extract were separated by paper chromatography
on Whatman No. 1 filter paper with butanol-acetic
acid-water (4:1:5) used as the developing solvent.
Standard solutions of tannic acid, chlorogenic acid,
caffeic acid, 1-3,4 dopa, tyrosine, catechol, and
D-catechin were run concurrently with the phenolic
extract. Samples of about 10-30 ml of the beet
extract were applied to the paper. The papers
with the applied spots were allowed to equilibrate
with the solvent system for 6 hr, and then were
developed by the ascending technique at room
temperature (22°C). After a developing time of
16 hr, the chromatograms were dried and sprayed
with modified Folin-Denis Reagent (Johnson and
Schaal, 1952) and exposed in a glass jar for about

30 min to the fumes from concentrated ammonium
hydroxide. For the detection of amino acids on
developed paper chromatograms, 0.2% ninhydrin
solution in 95% ethyl alcohol was sprayed on the
paper. The Rf values of the known and unknown
spots were calculated from measurements made to
the center of the spots.

RESULTS AND DISCUSSION

or changes of disrupted bect tissue.
Beet puree was used to provide uniform dis-
tribution of oxygen and brown-pigment pre-
cursors and to~ produce pronounced color
changes. PreIrmrnary studies  with beet
pureé indicated that rio visual color changes
were >pparent In nrtrogen -freated puree
0.2) Whereas darkenran; Was
observed rn 0xygen-treated puree after a
short Incubatiori ‘period at room tempera-
tyre. Experimentation was carried out to
obtain mare information on the oxidative
rejargterons involved In the darkening of beet
P The Hunter color vaIues of unheated beet
puree (approx pH 6.2) n the presence of
oxygen . af_various holding times are re-
cor ed in Table 1 During’ the first 6 min,
e Hunter color values of the beet puree
decreased rapidly due to the formation of
oxidized, colored constituents. For g hold-
Ing period of 35 min, aRd, aa, and A were
respectively —0.8, —235 and —43. The
decre%se in the a/b value from 51 to 34
may be interpreted as a shift in the hue of
beet puree from red toward yellow.

Some rnvestrpatrons have' Indicated that
the darkening of beet tissue in the presence
of oxygen 15 due to the action of oxidases
on_hrown-pigment precursors - (Clark and
Movyer, 1955; Wrckberrg] 1956). " To obtain
more Information, on the role of phenolase
on the oxidative brownrn% an [nvestigation
was conducted on the changes of beet puree,
freated separatel )2( with heat and ethanol to
rnactrvate theo drzrn enzymes. The coIor
can es of heated uree rn he presence of

?/ gen are presen In Tapl ppar-

d/ the, ab vaIue of heated uree drd not

ange sr rrcantywrt oxy en treatment,
at ou oth te a ang b Valugs respec-
trve% decre se 45 and 18 units gurin
inof holding time. ~Autoxigation 0
brown- prgment precursors can be linked
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Table 1. Color changes in beet tissue at 22°C in
the presence of oxygen.

Hunter color values
Time

(min.) Rd +h alb
Unheated puree
0 14 26.9 53 51
2 13 19.8 4.0 5.0
4 12 12.8 2.6 4.9
6 11 9.8 2.2 45
10 10 7.1 17 4.2
20 0.7 44 1.3 3.4
3 06 3.4 1.0 34
140 0.6 2.8 0.8 35

0 3.3 17.2 7.7 2.2
2 3.2 15.6 7.0 2.2
4 31 145 6.8 2.1

b 31 143 6.8 21
10 3.0 139 6.4 22
20 30 134 6.3 2.1
70 2.9 121 59 2.2

Puree without alcohol treatment
0 2.8 15.0 6.0 25
2 2.7 10.9 54 2.0
4 2.7 106 53 2.0
6 2.7 10.3 5.2 2.0
10 2.7 9.8 5.1 1.9
20 2.7 9.0 5.0 18

0 3.0 16.4 6.2 2.6
2 3.0 142 6.0 24
4 2.9 140 59 24

6 2.9 13.8 5.8 2.4
10 29 13.6 5.7 2.4
20 2.8 12.9 5.6 2.3
80 2.8 11.6 54 2.2
Acidified puree (pH 2.0)
0 35 23.0 6.5 35
2 33 20.8 6.3 33
4 3.2 19.9 6.2 3.2
6 32 19.4 6.2 31
10 31 186 6.1 31
20 3.0 17.9 5.9 3.0
35 3.0 174 5.7 31
Canned beet puree
0 45 33.2 79 4.2
2 4.0 295 6.8 43
4 39 21.9 6.8 41
8 38 26.6 6.6 4.0
20 3.6 25.3 6.4 40
100 35 21.6 6.2 35
140 35 20.3 6.1 3.4

TABLE 1 (concluded)
Time Hunter color values
(min)) Rd +a +h alb

Washed pulp slurry with dopa
19.8 30 178 0.2

1 123 167 179 0.9
3 79 22.2 176 13
b 6.2 233 170 13
10 45 215 16.8 13
20 2.0 135 8.2 16
28 12 8.9 53 17
40 0.9 6.4 3.8 17

W|th the darkening of heated hbeet puree.

hanol was used in an attempt to Inactivate
OXI |zm? enzymes prior {0 oxygen treat-
ment of the” puree without Significantly
altering the structure of pigments ‘and other
heat sensitive ~ compounds;~ As shown I

e 1 the Hunter color values for both
ethanol treated and untreated purees
changed in the presence of oxygen during
shor hoIdln[g periods.  However, changes
in the Hunter color values were not as
marked in ethanol-treated puree as in the
control puree. The Hunter a values de-
creased markedly_during oxygen treatment
of both purees. The ad vaIues for ethanoI
treated and untreated gurees rom t e same
batch were res ectly (Y 8
during a holding period of 80 m|n hese
observations sug est that both automdtzable
and enzyme-oxidizable compounds are pres-
ent in the beet tlssue

e Hunter color values of an acid-

Headted beef ur(e H 2.0) at various

9 erloas urm 0Xyge qassmg are
presented In Table L' During the flrst 6
min, the Hunter vaIues change rapid h/
The aRd, aa and ab values for a hol |5q
time of 35 min were resgectlve ﬁ/

—56, and —0.8. These changes, Nowever
were not as marked as those” of unheated
beet pqu at abouf pH 6.2 At a pH level of

rg)eno ase activity would be" negligible.
Co sequently, the autCX|dat|on of rown-
Pgment precursors aﬁgarenty accounts for

colqr chanﬁ;es in t aC|d|f|ed beet Ipuree
The shift In fiue of the pureg from
zgwoevsv IS apparent agaln from the alb

To determine whether autoxidizable
brown-pigment precursors were present in



L. BOSCAN, W. D. POWRIE, AND 0. FENNEMA 579

Fig. 1.
(x14).

canned beets, Hunter color values were ob-

taineq with uree saturated with oxygen.
As shown i e 1, the Hunter Color
values of the [Z)uree decreased F

ing the first 2 min, and
slowly dunng the next 138

decreased more
min.

the a va ue Was chang'vIO most raﬂld rye S%aln:

Ing the holding time reovert
tive alb values of 4.2 and 3.3 for holding
times of 0 and 140 min indicate that durin

oxidation, the hue of the puree was_ shiftin

from red to yellow. Automdatlon of brown-
pigment precursors in this puree was pre-
sumably responsible for the ‘hue shift.

ase in red issue.  Vascular
bundles ntransversebeed ngltudlnaf eet
opa became h

sections ére ted with
pigmented  (Figs. 1, 2). Conseq uentg
vascular tissue’ ma be considered s t
maAor site of heno ase. The ceII wa Is con-
tale som n(? ase since they ar%
wit opa treatment.” Wick g
(1 56 who |nvest|gated the non-pigmente

Photomicrograph of a transverse sec-
tion of fresh beet tissue after treatment with dopa.

dly dur-

) Photomicrograph of a longitudinal sec-
tion of fresh beet tissue after treatment with dopa.

(x14).

Fig. 2.

Beta vulgarls (commonlﬁf called sugar
beets), . observed h enolase - activity
along’ tire vascular bundles, ingide the epi-
dermiis, and In the sprouts. Other investi-
ﬁators have reported  distribution of ghe-
olases . In the " vascular tlssue of grapes
Husseln and Cruess apricots
Samish, 1935) and pears hnst and
atier, 1931). "I s tudy, consideration
has been l?lven t0 the henofase activity |n

ﬁgg § extract of beet tlssue an In
was pigment-free beet pulp.
shows the Tate of color formation |n ‘the
beet extract-dopa reaction solution at 23°C.
The Increase In optical density was rapid
dunn(f the flrst 15 min_after dopa addition,
and Slower. th erea ter The enzyme activity
% D.J mln? calcu ated from

the straight Tine, was 0

The hlgh concentratlon of phenolase in
the washed beet pulp is illustrated in Table 1
by the changes In Hunter color values of
pulp slurry with added dopa. The Rd value

he slope of
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of the dopa-treated sIurrP]/ decreased rap-
|dIy from 198 to 7.9, within a 3-min hold-

ing ‘pertod. On the_other hand, the  value
decreased Bro ressively over 2 ?errod of
40 min. Durl d the first 6 min of reaction
time, the Hunter a value increased 203
units, and then decreased 169 units with rn
the next 34 min. e h value rn%reaf
L1 units_during the first 6 min of r
time. This increase in the a/b value coul
be attributed to the formation of a red %
ment, dopachrome, in the presence of a |%
concentration of active phenolase in t
washed, non-oxidized pulp.

Table 2. Extraction of phenolase from washed,
nrtrogoen -treated beet pulp Wrth(a solution contain-
ing 0 sodium carbonate and D70 sodium chloride.

. Optical density Phen las ac ivity
Extraction o(f%trrnahe; A eB? E)
0.485
0.087
0.058
0.040
0.025

/m
5 X 10-3
3 X 10-4
3X 105

—_ =
[S RN FCR NG 3

Table 2 shows that Iar%e amount of
enzyme was removed with a

solution during the first extraction of beet
Bulp and that’ smaller amounts were solu-
llized during the second and third extrac-
tions, . Further extractrons did not provide
srﬂnrfrcant amounts of actjve enz me

Ite haziness was ormed In_thé Tirst 3

enzyme extracts (pH 11, 5{) durrngW standin
or” 1 hr at room temperature, “Wickber
(1956) observed that durrnd the purificg-
tion and storage of sud r beet phenolases In

3 phosphate buffer, the ‘enzymes ag-
gregated to form  precipitates wrth hig
phenolage activity.

The mfluence of %H on the actrvrtY
cruge eno ase ma aqueous beet ex ra
|s |IIustrate rf .. The optimum pH
o t e crud e eno ase m crtrate Rhos hat e
buffer was between 6 witn catecho
as the su strate T : actrvrtgr of the enzyme
was tota g/ Inhibited atP

shows the actjon of the phenolase
in an aﬂueous extract of beets on 14 difter-
ent phenolic compounds representing mono-
phenoIs ortho-, meta-. and para-diphenols.

DARKENING OF RED BEETS

°

6

05~

04

021

[o] 1 | 1 | 1 |
[¢] 5 10 15 20 25 30 35
REACTION TIME IN MINUTES

_Fig. 3. Rate of color formation in a dopa solu-
tion "(23°C) with beet phenolase.

Dopa, catechol, and other ortho- drhydroxy
Bhenolrc compounds were oxidized ralp
y the action” of the beet phenolase. Tyro-
Table 3. Substrate specrfrcrty of phenolase in
beet extract and washed beet pulp.
Relative activity of phenolase

Beet extract Beetpulp ~ Mushroom

De%Oree of Degree of

Substrate AO.D./12 hr deve opment development
1-3,4 dopa 0.240 4 4
L-tyrosine a 0.078 4 4
Chlorogenic acid  0.037 1 1
Caffeic acid a 0.070 2 3
Tannic acid 0.025 1 1
Quinic acid 0 0
Ellagic acid 1 0 0
D-catechin * 0.095 3 3
Catechol 0.085 3 3
Resorcinol 0 0
Hydroquinone 0.017 1 1
Phloroglucinol 0.010 1 1
Pyrogallol 0.220 3 2
Guaiacol 0 0

0-phenylene

diamine 0 0

“The following phenolic compounds were not
soluble to the extent of 597 and in these cases,
saturated solutions were used : L-tyrosine, caffeic
acid, ellagic acid and D-catechin.
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0-05 to remove most of the interfering substances
%/ lon-exchange chromato raPhy Prelim-
Inary experiments showed that & column of
cationic ion-exchange resin (Dowex 50W-
004 - X8), adjusted to pH 3.4, adsorbed tyrosine
an chlorogenlc acid from a squtton of these
compoun S |n 0.IM ?ltrat hosp hate uffer
34). It was also 0 erve tat most

003 - Deet |ments and sugars passed rapld
throuq the same column upon Wwash md

with ‘the pH 34 buffer. On the basis 0
these observations, a sample of the original
002 - concentrated phenolic. extract of beets was
placed on a column of the cattontc exchange
resin adjusted to a pH of 34. As expected,
most beet |gnments and sug%rs were re-

ool - moved easily by the pH 3.4° buffer. Very
slight coIoratlon Was produced when eIuate
fractions_were treated with Folin-Denis re-
agent. Thus, most phenolic compounds

A o b/ MIN

0 e 1L 1 were retained in the column. When 'visible
¥o e we R o oo Pgment was no longer present n the eluate
Fig. 4. Influence o‘f” pH on the phenolase ac- eno IC Compounds in the C0|umn Were

tivity. eluted with a buffer of pH 6.8 and pro-
nounced coloration was noted in the eluate

sine. a monohydroxy compound. and pyro-  TTactions with added Folin-Denis reagent
catechol Were also oridzed rapidly. Pne use/d R chromatograpnic technlqge e

catalytic effect of phenolase on' the oxida- 0 separate the partiall p”“f'ed con-
ton of resorcingl, prepresenttn meta-Ciny-  Centrated extract of beets. Al least 4 com-

ounds were separated, as shown by the
gtgxxmcoonngpoun%sra wlasynegxex Igtl)trendpoul;]' gppearance of ble spots on developedychro
was' oxidized sP y by the %eet henolase, [atograms sPrayed with  modified aF?elm

PhIoroqucmoI gualacol ana ort?tophenl DeniS. reagent,  Results given I Tab

show the Rf values of theSe unknown spats
ene diamine wiere not 0xjdizeg aﬂ%regr']%v% and those of standard phenolic compouﬁds

th/e etefecteec}netnhz e et o, IOWS which were: chromatogfaphed  conclrenty
ih ; phenolase in ot PR e With fthe beet ﬁxtraft for th? urposes Of
ulp’. The  data |nd|cate ' a? the phenolase dentification. The Rt values of the unknown
remalntng in the washed, non-oxidized beet Spots 2 (RF = 0.24) and 3 (R = 0.46)
ﬁ]” nas the sme substrate specificit
E) eno ase 0 th e aqueous exfract. T ese Table 4. Rt values of phenolic compounds in a

{\%su ts thn Tabet 3t in |catfe att snp{)artty R bee:( extract. -~

een the substrate specificity of beet”phe-  Unknowy enoli

nolase and mushroom’ tyrosiriase. P e 010RE) ompouies I
Phenolic compounds, in red beets, EX- 2 0.25 (D 3,4 d 0.24

perlmentatton was carried out in order {o 3046 ET)(/)rpoas)me) Liyrosine 0.46

\dentify the phenolic compounds_present In L08 (7)

beets. The concentrated  phenolic extracts Chlorogenic acid 063

contalne hl%/h thoncentratlons of (r;ments Tannic acid 066

and sugars, Which Intertered In paper chro n-catechin 0.67

matographlc separation  of phenollc com- catrew acid 086

pounds.~ Therefore, an attempt was made Catecho 093
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respectively corresponded  with those of
standard §j)ots for do a and t%/rosrne
unknown spots Land 4were of entr |ed
Ch romatoP ams, spraye With o nin-
drin solution, showed 5am|no acid %pots
| cu ing 2 with Rf values of 0.24 and
These Rf values respectively corresponded
to those of dopa and tyrosine. Wickberg
(1956) reporte that ty osrne plays an im-
portant role |n te dark enrn% process of
Sugar beets and that at least 5 other
henoIrc compounds take part in thrs reac-

The result obtdarned in thrs work seem
to, indicate that copa and ¥rosrne along
with at least 2 other unidentified phenolic
compounds, are present |n red beets. Dopa

and" tyrosine probaply play an |mportant
roIe In the darkening of Ted heets,
number and identity ‘of the other phenolrc
compounds present In beets, as well ‘as their
role n the  browning  reaction, should e
Investigated.
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Amino Acids in Fermented Bread Doughs8
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SUMMARY

Nineteen free amino acids were identified and quantified in the dialyzable
fraction from fermented bread doughs ready for baking. Amino acids account
for the majority of the dialyzable nonvolatile amino compounds in this fraction.
Nine of the amino acids found in bread doughs were also identified in a pre-
ferment brew. Peptides did not appear in the dialyzable extracts, and are
assumed to be absent, or present in very low concentrations, in the doughs.
Most of the amino nitrogen of fermented doughs remains in the nondialyzable
fraction. The amino acid fraction, soluble-protein fraction, and volatile nitro-
gen compounds, measured as ammonia, make minor cont tributions to the total

amino content of bread doughs.

INTRODUCTION

Crust browning is essential for the gro
duction of bread with an acceptable flavor
and aroma. _It has peen hypothesized that
crust. brownrnd IS due to “a_Maillard-type
reactron rather than caramelization or Bt/

lysis p]f sugar and (starch Several p
catons ave escribed the volatile products
formed from the reactions of suPars and
amino acids, Akabori (1933? isofated and
characterized the aldehydes from the reac-
tion of several amino” acids and sugars.
Rothe t1960) has shown that separate addi-
tions of sevéral aming acids to rye bread
doug hs resulted rn an increase of the corre-
5P on rngnade ydes, formed from the amino
acr loss g one carbon atom and an
amino group. The same products were ob-
fained In test-tube experiments using the
same amino acids and xylose. Kiely ‘et al.
(1960 rnvestr%ated the” aromas from _the
reaction gf twe ;{ amino aclds anq eight
suqars The reaction products of leucine,
histidine, and argrnrne WI gucose were
described as berng read-like. ~ In a recent
publication, Hodgg and Nelson (1961) de-

"Presented at the 22nd Annual Meeting of the
Institute of Food Technologists, June, 1962, Miami
Beach, Florida.

"A laboratory of the Western Utilization Re-
search and Development Division, Agricultural Re-
search Service, U. S. Department of Agriculture.
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scribed the preparation of galactosylisomal-
tol and isomaltol from lactose and dn amrne
Y postulated that these comp oun S ma my
exist In_bread, and incorp orate the co
goun s into op( hs for or anoleptic evalu-
1tron after ng (Hodge and Moser,
Since doughs appear not to have. been
analyzed forgamrngpcompounds which are
potentra Maillard- tz/[pe -reaction precursors,
twas felt that a systematic apprdach to the
roplem fof flavor |n bread re urres mve}sir
§atron of such amino comp o
ur work was In progress a pu lication
%Kretovrph and Ponomdreva, 1961) tdes rb-
Ing tire tree amino acid content 0 eat
flour rye flour, proofed rye ou%
bread, and white bre(?d ag eared ccord
Ing 10 Kretovich, a decrease In free aming
acrds accurs In crust during the baking of
proofed rye doughs.
EXPERIMENTAL

Sample preparation. Proofed sponge doughs
were prepared by a modification of a standard
test formula (Anon., 1957) modified by using
49 g of sucrose instead of 35 g and by incorpo-
rating 21 g of dry milk solids into the doughs. A
commercial baker's patent flour, analyzing 0.43%
ash and 12.70% protein (14% moisture basis),
was used.

For amino acid separations, 100-g samples of
proofed doughs were suspended in 100-ml por-
tions of 0.LM acetic acid by blending, transferred
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to dialysis bags, and dialyzed overnight against
distilled water (about 1 L) at 4°C. Each dialy-
sate was passed through a column containing
40 g of Dowex 50-X4 (H+ form). The column
was washed with approximately 1 L of distilled
water and eluted with 54/ ammonium hydroxide.
Eluate (250 ml) was collected and concentrated
to near dryness with a rotary evaporator under
reduced pressure, then transferred to a 5-ml
beaker with small portions of distilled water, and
evaporated to dryness, over a 3-day period, in a
vacuum desiccator over phosphorus pentoxide at
approximately 10-20 mm Hg. The solid material
was diluted to 2 ml with O.IAi hydrochloric acid.

Soluble proteins were extracted from 50-g
samples of proofed dough by the procedure of
Pence et al. (1954). The protein solutions (200-
ml volumes) were placed in dialysis bags and
dialyzed against tap water overnight. The final
volumes were approximately 215 ml.

For ammonia determinations, 25-g samples of
proofed doughs were lyophilized for 40 hr, ground
in a mortar to a fine powder, equilibrated with
water overnight in a closed container, and then
lyophilized for a second 40-hr period. Ten-g
samples of the Iyophilized dough were suspended
in 30-40 ml of 0.14/ acetic acid, placed in dialysis
bags, and dialyzed against 93-ml volumes of dis-
tilled water for |2 days at 4°C. The final vol-
umes of the dialysates were approximately 88 ml.

Pre-ferment brews were prepared to Swort-
figuer’s (1955) formula and fermented for 6 hr
at 35°C. One liter of pre-ferment was passed
through 230 g of Dowex 50 (H+ form). The
column was washed with 5 L of distilled water
and eluted with 14/ ammonium hydroxide. The
eluate, approximately 2 L, was treated as described
for the separation of amino acids from proofed
doughs.

Analytical methods. To obtain the total amino
acid content, 0.1 ml of the solution of amino acid
fraction from proofed doughs was diluted 1000-fold
with glass-distilled water, and 1-ml portions used
for each analysis. The quantitative ninhydrin re-
agent was prepared according to the procedure
of Yemm and Cocking (1955). A calibrated
curve was constructed from the optical densities at
570 mfi for various concentrations of arginine
hydrochloride, and, from this curve, the concen-
tration of the amino acid fraction was obtained
in terms of micromoles of arginine per ml.

The two-dimensional ascending paper-chroma-
tography technique of Redfield (1953) was used
for resolving the amino acid fractions from proofed
doughs and pre-ferments. Each sample, 4.5-7 fd,
was applied as a spot 2 cm from each edge of a
9x9-cm sheet of Schleicher & Schuell no. 507
filter paper. Chromatograms containing known

amino acids were run in the same jar with the
unknown. The papers were dipped in 0.1% nin-
hydrin in water-saturated butanol and air-dried
overnight to develop the amino acid spots.

Quantitative analysis of the individual amino
acids in the dialyzable material from proofed
dough was performed according to the procedure
of Spackman et al. (1958), in a Beckman-Spinco
Model 120 amino acid analyzer.

For the analysis for peptides, 0.2-ml volumes of
the amino acid fraction from proofed doughs were
pipetted into small Pyrex test tubes, and approxi-
mately an equal volume of concentrated hydro-
chloric acid was added. The tubes were sealed,
heated 22 hr at 110°C, and opened, and the con-
tents filtered through a fine-sintered-glass funnel.
The solutions were evaporated over sodium hy-
droxide pellets in a vacuum desiccator at 10-20
mm Hg, and each was diluted to 0.2 ml with
0.14/ hydrochloric acid. Samples (4.5-7 jutl) were
spotted on the papers and chromatographed by
the technique of Redfield (1953).

Ammonia was determined by the Nessler test.
To avoid an interfering pink color that developed
when the Nessler test was applied to the dialyzable
material, the sample was first purified by the diffu-
sion procedure of Rose (1950). The technique was
modified as follows: 5 ml of the dialyzable mate-
rial was placed in one part of the dish, the central
portion of the ground-glass cover was wetted with
0.1 ml of 20fle sulfuric acid, and 0.5 ml of 20%
aqueous sodium hydroxide was placed in another
part of the dish. The cover was placed on the
dish, the base and dialyzable material were mixed,
and the diffusion was allowed to proceed for
3-4jlj hr. Ammonia was determined by Nessleri-
zation with a commercial reagent (Regent Ness-
ler Compound, Regent Scientific Co., 919 Brook
Ave., New York, N. Y.). The diffusate was
diluted to 10 ml, a 4-ml portion was withdrawn
and diluted to 10 ml with distilled water, and 0.5
ml of the Nessler reagent was added. After 20
min, optical density was read at 435 m/i. A blank
prepared by substituting distilled water for the
dialysate was subjected to the diffusion technique,
and a 4-ml portion was diluted and Nesslerized
as described.

Amino nitrogen was determined by the Van
Slyke procedure on soluble protein fractions and
lyophilized dough.

RESULTS AND DISCUSSION
 Twenty amino acids were tentatively
identified. in the dialyzable fraction from
proofed doughs, Most” of these were deter-
mined by use of both paper chromatography
and lor-exchange chromatography (Table
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Table 1. Free amino acids in dialysate from proofed bread dough.

Paper chromatography lof-exehan
Solvent Aa (Rf) Solvent Bb (Rf) chroma ograﬂhy
Amino acid Dialysate Standard Dialysate Standard ~ Dough fim/ 100 )

Alanine 0.50 0.49 0.34 0.32 9.22
Arginine 0.06 0.06 0.11 0.10 3.70
Aspartic acid 0.31 0.33 0.09 0.09 2.53
Cystine 0.98
Cysteic acid 1.85
Glutamic acid 0.45 0.44 011 0.12 16.03
Glutamine 0.35 0.34 0.19 0.18

Glycine 0.34 0.33 0.22 0.16 5.07
Histidine 0.24 0.21 0.29 0.26 0.50
Isoleucine 0.67 0.67 0.69 071 1.94
Leucine 0.65 0.61 0.87 0.88 5.04
Lysine 0.16 0.15 0.12 0.10 4.0
Methionine 053 0.54 0.56 0.57 1.68
Phenylalanine 0.62 0.61 0.69 0.70 4.21
Proline 0.62 0.64 0.27 0.27 9.60
Serine 0.41 0.37 0.37 0.36 1.04
Threonine 0.46 0.45 0.65 0.68 2.40
Tryptophan 0.37 0.35 0.67 0.68 0.99
Tyrosine 0.48 0.50 0.36 0.36 4.22
Valine 0.59 0.57 0.47 0.45 5.12

"Solvent A, methanol-water-pyridine (80/20/4).
sSolvent B, t-butyl alcohol-methyl ethyl ketone-water-diethylamine (40/40/20/4).

9 Cystine and cysteic acid were tentatively
entrfred soIer on the basis of their elution
volumes obtained from on-exchange chro-
matography. C}/strne was not Separated
from”lysirie in the paper chromatographic
technr%ue employed.” Glutamine was " not
quantl red since ‘the ion exchange chroma-
tograp 3/ Was per formed under” conditions
that dr not resolve it.

Sullivan and Payne (1951) found essen-
tially the same amino acids in flour, except
for cystrne tryptophan, and cysteicacid,
whrc were detected In the present study.
f(o gsterc acid ma have been an artrfac(s

rme ddrm 150 aft on of the amino acl
ractron rom proofed doughs.)  Sullivan
reported aspara?me which Wwas' not found
In the gresents d

Kretovich and Pdnomareva (1961) found,
in studies of wheat flour and baked bread,
essentially the same amino acids found |n
the present work, plus y-aminobutyric acrd
and asparagine. [hey determined several of
these amino acrds quantrtatrvely It Is
rﬁrcult to co (ﬁaare therr results wrth ours,
because they did not analyze proofed doughs
prepared from white flours. In - addition,

Comparisons ]a complicated b}q the varretal
differences o tew eats, unknown history
of the grain and flour. samples, and the
drfferent analytical techniques’ employed,

e 1 shows the concentrations of 19
?ft £ amrno acrdﬁ identified in the dialyzable
raction of (I] Eleven minor compo-
nepts were eluted from the ion- exchande
columns during analysis of the amino acid
fraction. No atemg Was made to identify
these, however, because of their low con-
centration or because of the lack of known
reference: compounds.

The question of the orr in of the various
ammo acrds in 1prooe oughs is comﬁlr-
cated man ctors The action of nu-
merous flour an yeast enzymes on_com-
pounds present Inproofed doughs is not
well understood. Two otentral sources of
the free amino acids are synth esrs of ammo
aclds from a nitrogen sou ce by yeast, and
proteolytic activity of wheat enzymes on
Protems A pre-férment brew was analyzed
or free amino_acids, because t IS sstem
allows stud of [he actrg ?]t un er
somewhat contro ed conditions, wrt out the
presence of flour and its proteolytic en-
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Taple 2. Amino nrtrogen content of various
fractions from proofed dough.

do 0f total
in

nﬁr Q
Wiile i

Dialysate of proofed doughs “ 16 2.7
W ater-soluble protein fraction 1 2.0 34
Ammonia ¢ 0.39-0.89  0.6-1.5
Proofed doughs (lyophilized)"  58.6 100

aCalcylated from ninhydrin determinations.
bObtarned from Van® Slyke amino nitrogen

r\%latrle bases determined as ammonia by Ness-
ler’s reagent.
i Duplrcate samples were obtained from a proofed
ough.

zymes. . The same principal amino acids
found in_dough dialysates were present in
the pre-ferment Dbrew : these are arginine,
aspartic acid, glutamic acid, glutaming,
cine, isoleucing, leycing, proline, and valire.
Their presence rn the brew indicates that the
action of proteo gtrc lour enzymes on pro-
teins present In dough 1s not the sole source
of amino acigs,
Portions of the amrno acid fractron from
proofed doughs were h droyze ang cro
matograms were obtar ed on both_the ﬁ/
Y hydrolyzed . material. o
srgn frcant drfferen es In position, size, and
Intensity of the spots were noted in the two
fractions. This similarity in the chromato-
rams Indicates the absence of peptides in
e amrno acld fractron or thelr ‘presence
on \X/rn low amounts.
ater-soluble proteins, free amino acid
fraction, and voIatrIe bases measured as am
monia account for less th n 1 /o% %ia
amino nitrogen In- proofed Ta
2). Most 0Of the amino nrtrogen in fer-
ented d?ughs appears to be In" the water-
rnsoluble raction.
frndranr suggests that the insoluble
Proterns should be™assessed to determine
heir importance In crust browning and
flavor production.
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SUMMARY
The kinetics of thermal inactivation of peroxidase were found to he

first-order for the range of temperatures 85 100°C.

The experimental

activation energy was 25.1 kilocalories per mole; free energy change, 27.0-27.5

kilocalories per mole; and entropy change, a ne
This indicated that the transfer o

mole degree.

ative 7.39-7.89 calories
energy was extremely s

? o

or the activated molecule was actually more rigid than the native molecule, the

latter being more likely than the former.

No regeneration occurred when

peroxidase had been completely inactivated.

Regeneration was found to involve a lag period of approximately 20 hr, a
rapid rate period of 1-2 days, a point of maximum regeneration at 2-10 days,
and finally a decrease in activity after inactivation.

The thermal destruction time (z value)

of 49.8°F indicated that in high-

temperature short-time processes the criterion for sufficiency might necessarily
be based on the time required to inactivate peroxidase rather than on the time

required to sterilize the product.

Peroxidase reacts with hydrogen
oxide to produce an activated complex
can oxidize a wide ran%e of
cules such as polyphenols and amino
phenols. These reactions are undesirable
In Processed food material, because they ef-
fect a change_in the nop- voIat|Ie flavorin

ec
components Farkas etal, 1 Guyer ang
Holmejuist, Nebesky ¢t 'a )
Thus 1t 1S |mportant to elther totaIIy or par-
tially _inactjvate the enzyme in ant( 0od
material where its active. concentration IS
suff|C|entI¥ high to be detrlmental

With the aﬁtvent of hlﬁthtmperature
short-fime  sterilization ?ﬁ eroxi-
dase has  received attentlon pri arlly be-
cause of its high thermal-death-time Coeffi-

"Taken in part from a Ph.D. thesis, Rutgers,
The State University.

"A paper of the Journal Series, N. J. Agricul-
tural Experiment Station, Rutgers, The State
University, Department of Food Science, New
Brunswick, N. J.

1Current address: Procter and Gamble Co.,

Winton Hill, Technical Center, Cincinnati 24,
Ohio.
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H Essefe HI%%T It a ears thatt
rom the ralp '

vantages of nro e@smg resultmg
Id mactlva%lon of Dacteria bv
9 temé atures are off
able extent by the  relativ
perOX|das

et to a consider-
ely lower rate of
e destryctin at high temgeratures
Thermal |nactjvation and re%en ration of
eroxidase In plant material nas been in-
estlgated nowever, no attempt has been
made to determine the nature of Inactiva-
tion based on the energetics that might ex-
plaln the mechanisms “of the regengration

o ThIS stud)( was made to investigate ther-
mal mactwewon of a Pure E roxidase preo-
aration with particular reference to the
kinetics and enerqetlcs of the grocess and
to suggest an explanation for regeneration.

EXPERIMENTAL METHODS

Assay for peroxidase activity. The guaiacol test
used by George (1953) was modified to improve
its range, sensitivity, and accuracy. The modified
reaction mixture consisted of 2 ml of a IOmM

eneration
kas et al,
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solution of guaiacol in water, 1 ml of enzyme so-
lution, and 20 /ff of 15M hydrogen peroxide. The
H202 was placed in the sample cell of a Beckman
DK2 spectrophotometer modified for direct re-
cording of absorbance at 470 mfi vs. time. The
enzyme-guaiacol mixture was added to the sample
cell with an automatic pipetting syringe and the
curve of absorbance vs. time was recorded.

Heating conditions. The procedure described
above, termed assay of guaiacol oxidation rate
(GOR), was used to develop a standard curve of
activity vs. peroxidase concentration (Fig. 1).
The enzyme used was a highly purified (R.Z. =
3.02) preparation of horseradish peroxidase ob-
tained from Worthington Biochemical Corp., Free-
hold, N. J.

500

400 |

300 |

Reaction rate, sec ' x 10

100 L

o’

o L2 1 I L | L
0 20 40 60 80 100
Peroxldase concentration M x 10°

Fig. 1. Molar activity of peroxidase preparation
E: rJr(t] water. yore Prep

A stock solution of Sx 10~M peroxidase in
[OmTf phosphate buffer, pFf 7, was prepared fresh
for each experiment. Pyrex glass tubes (3 mm
outside diameter, 0.6 mm wall thickness, 20 cm
length) were filled with stock solution to within
2 ¢m of both ends, sealed by fusion and placed in
a 20-tube position holder in preparation for heating.

Heating was carried out in a constant-tempera-
ture (£0.2°C) oil bath. The tube-containing holder
was placed in the bath and agitated by hand until
the tube contents reached heating-medium tem-
perature. After heating, the tubes were cooled in
detergent solution, washed, dried, and assayed for
peroxidase activity. Heat penetration tests were
run with each heating experiment to determine the
lag correction factors. These factors were sub-

tracted from the total heating times to give the
corrected times at each temperature.

Inactivation and regeneration conditions. To
study the effects of degree of thermal process on
inactivation, tubes containing the stock solution
were heated at the times and temperatures listed
in Table 1. The number of tubes heated at each
temperature depended on the dilution required
for assay of activity, the minimum number being
ten. Two replicates at each time-temperature
combination were run. Assay for activity was
made before and immediately after heating.

To study the effects of degree of thermal
process and storage time on regeneration, the
stock solution was heated at the times and tem-
peratures listed in Tables 5-7. For effect of degree
of thermal process on regeneration rate, the tubes
were assayed for activity at o, 6, 12, and 20 hr
and at 1, 2, 5 10, 20, and 30 days of storage at
30°C. The experiment was run in duplicate with
three replicates per assay for a total of six assays
per time-temperature combination.

To study the effects of storage temperature on
regeneration rate, the process variable (degree of
heating) was standardized. The stock solution
was heated 2 min at 135°C; equal lots were stored
at 20, 30, and 40°C, and assayed for activity at
0,42 5 10, 20, and 30 days of storage.

RESULTS AND DISCUSSION

procedure. 118 spectrophotometrrc
trace of absoroance VS, trme for the GOR
assay Wwas a curve wrt an OPproxrmatey
linear portion. A line was drawn to the
curve In the near-linear region, and the
slope of this line was taken & an_index of
the rate of r[ruaraco oxidation. Fig. 1 in-
drcates that he velocit Oy of reactron meas-
ured In the manner described above, was
prrOéJortronal to the enzyme concentratron

[ 5(gressron line e%JS on was A = 6./9
w ere A was ab-

sorbance change per second and C was_en-
zyme concentration in moles per liter, The
standard error of estimate was zero for the
three% ace accuracy of the Instrumental

metho
. Inactivation, studies. 1 Nermal inactiva-
tion of peroxidase heated in the range
85 was shown to follow. the typical
pattern of first-order reaction krnetrcs The
rate constants are Irsted rn Table 2 where
k — 2.3/D. When 09 wasg otted vs.
the rechrocal of absolute temperature (Fig.
Inear function was obtamed. " The
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Table 1. Thermal inactivation of peroxidase.

Heatin

tem %E(I}St re

85

100

115

120

130

135

145

150

*Corrected time is the thermal ener
the process, exFressed in terms of minu
ing at constan

time,

(min)

20

30
0
0.6
1.8
3.6
70
8.5

10.0
0
2.0
30
40
50
0
0.5
1.0
25
2.0
25
3.0

0

0.75
1.60
2.20
2.33

3 Heating

temperature.

Corrected
flm

m |?1)
0
8
16
32
64
128
250

39
6.9
9.9
19.9
59.9
79.9

0
143
243
343
6.93
14.93
22.93

© w©

1
2

S OO O

0.54
174
3.54
6.94
8.44
9.94
0
19
2.9
39
4.9

0
04
0.9
14
19
24
29
0
0.61
1.46
2.06
2.19

Active
concen-

tratl
Do
e’
500
140
406
276
178
64.0
8.80
510
106
356
311
164
144
3.90
440
38
21
o
9.0
233
3.94
500
105
204
0.980
0.050
500
31
132
3.1
120
0.800
0,280
500
525
12.8
350
0.956
534
234
67.9
25
192
132
0.480
500
55.9
342
0.447
0283

%y value of
gs of hold-

~1.2

e

~
°
T

~
=
T

=1
rate constant for Inactivation, sec .

-2.8

Logyo reaction

-3.6 L 1 3 JE )
2.35 2.5 2,55 2.65 2.75
3

-1
Reciprocai of heating temperature, % x 10

2. Effects oftenaaerature on the first-order
reac lon-rate constant for inactivation of per-
oxidase.

slope of the regression line, E/2.3R, was
used to calculate the experimental activation
energy E, 25.1 kilgcalories Per mole, and
since H — E —RT, the enthalpy change,
AH, was determined (Table 3).

The postulates of Eyring g1935 1938)
were assumed to pertain to"the Inactivation
Process namely that the reaction proceeded
hrough an activated state that was rate-
limiting, and that the rate constant was an
exPonentlal function of the enthalpy and
entropy changes, as follows

k = kK RT —AH [ :A_S
Nn ¢ "y C g

where k_is the mactlvatlon rate. constant,
sec-1;N is Avogadro’s number; h is PIancks
constant: AA |s entrop dy chane calories
per mole'0K : and kis a menswn Bss frans-
Mission coefh(:lent expressmg the fraction of
actlvated molecules which become catalyti-
ca 1y Inactivate.

h bove mentioned reIatlon was %sed
to ca cu ate the entropy changes_for t
maI Inactivation of perOX|dase (Table 3)

e negative entrog val ues were _particy-
larl 3|8n|f|cant becduse large positive en-
trogy térms had been reporte previously
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Table 2. First-order reaction-rate constants and
D values for inactivation of peroxidase.

temwﬂq re chcnsltaanlldi( D (\r/rﬂhj? i

0.269 143

100 1.02 3T
115 3.46 111
120 513 748
130 124 31
135 19.2 181
145 414 0.927
150 56.5 0.678

fiSlope index of the rate-of-inactivation curve
for peroxidase preparation E».

for other protein _dénaturations  (Sizer,
n the basis of Steam's
Wohesrs that N = (// 0)/4 + 1 where

IS the number drogen b onds fu
tured and H IS In k?oca?or g ge

the entroo change for H- bond ruBture 1S
roughly AS should have been 24
e, mstead of —7 ey, Thus, It seems that
the change jn the tertrary structure of the
protern ﬁortron of the enzyme molecule. in-
voves ore than H-bond and disulfide-

d (no entropy chan?) rupture. Never-
theIess the over-all picfure of the activation
stage for thermal mactivation of peroxidase
Is that the activated molecule is more rigid
than the native molecule.

Thermal processing parameters. The ki-
netic data were usE‘a" |n determining_sur-
VIVQr curves for thermal destruction.” Table

2 lists the D-values obtained from these
curves These values were used in_obtaining
the thermal-destruction-time (TDT) curvé

Table 3. Thermodynamic constants for inacti-
vation of peroxidase.

mna!

r'd/a E tha e er En]tro
Tern%era l%afj % an
er (Kca] pel- ca r%la -
indle °K)
85 25.1 243 21.0 -7.39
100 25.1 243 27.1 1.57
115 25.1 24.3 213 -7.84
120 25.1 24.3 21.4 -7.89
130 25.1 24.3 214 -1.74
135 25.1 24.2 274 7.68
145 25.1 24.2 274 7.65
150 25.1 24.2 215 7.76

ACTIVATION AND REGENERATION OF PEROXIDASE

2.5

g 2.0 \
2
o
1.5
c
>
e

0.5 (]

, minutes,

Log)g decimal reduction time,D for Inactlvation of peroxida
°
T
o

1
180 205 230 255 280 305

o
Heating temperature, F.,

Fig. 3. Thermal-destruction-rate curve for in-
activation of peroxidase.

%Frbg d front which the s value was found
e 4

The 1 vaIue was within the range pre-
viously reported for other Plant peroxidase
Inactivations, although the hermal destruc-
tion _ times ~ were consrdera %/ ar?er than
previously reported valyes for plant er-
OXidases “in naturaI media (Table 4).
drscreoancres Wwere attrrbuted to envrron
mental ditferences geg pH, Tonic strength
cellylar materials, heating conditions) and
to the assay procedure.

In this study, a pure system was used,
and the active concentratron of peroxidase
read \x/assayed with oué extraction pro-
ce ures.. When “the peroxidase system was
studied in plant trssues however, “extraction
Was necessary before assay. The extraction
procedures commonly emp oyed blend-
Ing with wa er or acétone; followed Dy filtra-
tron pronably do not extract all”of the
actrve enz me, leading to erroneous con-
clusions ¢ ncernrng the true activity o
Partrally Inactivated system, particularly for
he case of low residual enzyme activity.

egeneration after inactivation. Tables
58 summarize_the results of the rggenera-
tion studies. The rates of peroxiddse re-
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Table 4. r values for the inactivation of peroxidase in low-acid media.

Hirqhest
e

Medium &y 180°
HRF in 204 bufferb 302 49.8
HRF in F04 buffer 302 64.3 314
Peas 260 52.0 180
Yellow turnips 6 300 725 29.0
White turnips ” 300 575 35.0
Broccoli ” 300 63.0 18.2
Green beans b 300 86.0 3.8
Peas b 300 48.0 170
Green beans 250 47.0 96
Turnips 270 46.0 420

Calculated resistance 1 (min) at:

250° 300 Reference

1 This study

257 44 This study

7.7 079 Guyer and Holmquist (1954)
31 064 Esselen, unpubl.,
21029 Esselen, unpubl.

14 024 Esselen, unpubl,

059 0.16 Esselen, unlpubl.

60 055 Farkas ct al. (1956)

3.0 026 Zoueil and Esselen (1959)
113 093 Zoueil and Esselen (1959)

*Resistance here indicates amount of time required for apparent complete inactivation.

bRegeneration occurred.

cWhere regeneratron occurred, inactivation was not complete.

12Table 5. Regeneration of peroxidase heated at

toraeqe Heating time (min)

(%) 5 09 2N BN &
0 10451 29.4" 0.98“ 0.05“ 0
0.25 107 297 098 0.5 0
05 108 298 1.02 005 0
0.83 11 298 1.01 0.05 0
1 181 478 330 027 0
2 168 499 279 024 0
5 139 317 231 0.14 0
10 147 378 242 016 0
20 54 413 238 017 0
30 141 396 241 0.17 0

“Concentration of peroxidase, moles per liter
X 10s.

gen_eratron could not be determined on the
asis of reaction kinetics. However, there
were several factors of particular impor-
tance to the ohjectives of this study.

[t was found that there was a Ia% rr])errod
of approximately 20 hr in establis o re-
?eneratron This wi fas attrrbuted toade rnrte
eaxa lon trme of certain bonds critica
to the partial renatyration pecessary before
tge péotern porphyrin bonds could” be re-

Maximum regneration occurred in 2-10
days of stora%e after inactivation. The
Ionger trmes days) were required fol-
owrn r%h em erature ProCesses.
Ater maxrmu [egeneration, there was a
decrease in actrvrty that_was particularly
noticeable for samples with the most ex-
tensive regeneration. Thus It appeared that

the re}generated molefule was less stable
than the native molecule

When (Peroxrdase had been completely
mactrvate as evidenced by no activity
using the G assay% theré was no re-
9eneratron AIthough IS frndrng was con-
rary to_ existing reparts on plant peroxi-
ases (Guyer and Holmquist, 1954 Zouell
and Esselen, 1959), the authors believe that
the results reported here are valid. . This
discrepancy Is attributed to previously
mentioned” differences In environment and
assa

Ke effects of stora%e temperature on
regeneration fol owe general pattern
of the effects o temp erature on reactron
rates The higher the storage temperature,
th e more ra |d was the regeneration. rate,
and the more rapid was the”decrease in ac-
tivity after maxrmum regeneration.

Table 6. Regeneration of peroxidase heated at
135°C.

Storage Heating time (min)

(days) 2 3 4 5 7
0 525 12.8 3.50 0.956 0
0.25 53.1 12.9 371 0.991 0
0.5 52.7 12.8 3.53 0972 0
0.83 52.6 12.8 3.56 0.988 0
1 54.6 195 4.44 2.22 0
2 54.2 19.2 4.36 2.21 0
5 53.7 18.1 4,14 1.93 0
10 52.8 18.7 421 2.09 0
20 53.6 18.4 417 2.01 0
30 52.1 18.0 4.13 1.87 0
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Table 7.
150°C.

Storage
(days)
0
0.25
0.5
0.83
1
2
5
10
20
30

Table 8. Effects of stora
regseneratlon rate of peroxi
135°C.

Storage
(days)
0
1
2
5
10
20
30

Regeneration of peroxidase heated at

0.75

55.9
56.2
56.2
56.0
56.5
56.8
57.2
58.6
56.6
56.0

Heating time (min)

16

3.42
345
3.44
342
3.48
351
3.56
3.64
3.46
343

2.2 2.33
0447 0.283
0449  0.294
0451  0.293
0448  0.291
0468 0.303
0478 0.319
0494 0332
0500 0.351
0474 0292
0449 0.284

w
o
o

slight 4-

oo T oo oo o

e temperature on the

%ase heated

Storage temperature (°C)

20

40.3a
41.2
424
55.2
56.9
57.2
55.5

kil

40.3a
51.6
58.4
56.8
534
48.6
475

“Concentration of peroxidase, moles
X 10%

2 min at

4

40.3a
55.9
56.5
38.0
36.7
35.3
29.6

per liter
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SUMMARY

A method for estimating the total monoterpene hydrocarbon content of
citrus oils is described. The procedure consists of adding an internal standard
(n-butylbenzene) to the oils, spotting the mixture on a chromatostrip, eluting

the hydrocarbons, and analyzing the eluate by
monoterpene hydrocarbon content is calculate

as chromatography. The total
from the weights of n-butyl-

d

benzene and citrus oil used and from the areas under the peaks of the mono-
terpene hydrocarbons and n-butylbenzene on the chromatogram. The average
percent total monoterpene hydrocarbon content and the standard deviation are

given for a selected number of citrus oils.

terpene hydrocarbon composition of these oils.

Manoterpene hydrocarbons are the major
constituents of citrus oils. Although these
compounds are present In_ large quantlttesI

no simple method of estimating the. tota
amount present in an oil has been available.
Tedjous distillation techniques have peen

used in the past. More recently, a silicic
B cid dehergenatlon method _ was emPoned
y Kirchner and Miller 952% 0 prepare

térpeneless essential oils. hey reported the
terpene hydrocarbon content of several cit-

rus oils dnd included not only the mong-
terpenes but aIso the sesqm , and_tri-
terpenes as well as the waxes direct

gas-liq UI c romato%raphlc examination of
Citrus_oils, reported by Clark and Beynhard
(1960), presents the monoterpene . hydro-
carbons as a fraction of the Volatile ™ con-
stifuents, but .does not account for nop-
volatile * constituepts  such as . coumarin
compounds (Stanley and Vannier, 1957)
or_natural waxes. .

The method herein described provides an

“Presented at the Institute of Food Technolo-
gists, May 7-11, 1961, New York City.

UPresent address: Phillip Morris Co. Research
Center, Richmond, Va.

cPresent address : see below.

1A laboratory of the Western Utilization Re-
search and Development Division, Agricultural
Research Service, U. S. Department of Agricul-
ture, 800 Buchanan Street, Albany, California.
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Data also show the relative mono-
analytical procedure for estlmatlntt; the total
monoterpene hydrocarbon_ content’ of  citrus

ils, general procedure Js similar to
that of Stapley et al. §1961) for determln-
Ing the_ relative mono erPene Z rocarbon
composition of citrus oils, exc ept that a
known quantity obeu Ibenze IS added
|n|t|aIIy a5 an |nterna standard, This com-
Pound was selected as the ftandard hecause
tS retention time on gas lquid chromato-
rams exceeds that of tThe known monoter-
ene yrocarbons in cnrus oils. It is avail-
a e in Ir%]h urity and has the same number
of carbo toms In its structure as the
monoter ene h)f

makes It su (sab

drocarbons The latter fact
e for anal sef with a flame
lonization detector  (basically a carbon
counter). e d
To determine if the detector respanse to
n- bun{Fbenzene was 5|m|Far to thatp ?or the
monoterpene hydrocarbons and to establish
optimum conditions for the procedure, vari-
ous J)roportlons of « butylbenzene were
(? ﬁm ples of d-limongne and to emon
the mixtyres were an
ceck 0N recovery. yte enera grocedure

a hydrocarbon mixture o known composi-
tion was prepared and analyzed.

GENERAL PROCEDURE

To determine the total monoterpene hydrocarbon
content of citrus oils, a weighed quantity of
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MONOTERPENE HYDROCARBON COMPOSITION OF CITRUS OILS

Table 1. Detector response (%) to known mixtures of d-limonene and n-butylbenzene.

Mixture 1
COHW%(;ISIIIOH d-nl_equgo- we%%}qle
W eight 65.1 34.9
Direct GLC* 64.3 35.7
GLC after elution
from strip a 64.2 35.8

aCalculated from areas under peaks.

n-butylbenzene is added to a previously weighed
sample of oil. For lemon oil, the weight of
n-butylbenzene should be about 85% of the weight
of the oil sample; for orange and grapefruit oils,
90% ; and for lime oil, 65% (cf. last paragraph of
experimental section), A 0.04-ml portion of this
mixture is applied to a chromatostrip and eluted
downward by irrigation with 2% v/v diethyl
ether in »-heptane, as described by Stanley et al.
(1961). One ml of eluate is collected in the down-
ward chromatostrip apparatus. A 50- to 80-"1 sam-
ple of the eluate is then analyzed by gas-liquid
chromatography (GLC) on a %-in. X 10-ft stain-
less-steel column packed with 25% w/w diethylene
glycol succinate (DEGS) on 42-60-mesh firebrick.
The column is operated at 75-80°C with 120 ml
per min helium carrier gas flow rate (20 psi
inlet pressure). The apparatus is equipped with a
4-element tungsten-filament thermal-conductivity
detector.

In the method of Stanley et al. (1961) for
determining relative concentrations of the mono-
terpene hydrocarbons in citrus oils, it was found
that all the hydrocarbons were eluted with «-hep-
tane from the chromatostrip when 2 ml eluate had
been collected. By substituting a mixture of 2%
diethyl ether in n-heptane for the pure n-heptane,
only 1 ml of eluate need be collected in order to
recover both the monoterpene hydrocarbons and the
added n-butylbenzene. This change, in addition, re-
duces the time required for deterpenation from 3
to 2 hours.

EXPERIMENTAL

The detector response to w-butylbenzene was
compared with that of d-limonene. Three samples
of a mixture of d-limonene (the major mono-
terpene hydrocarbon of citrus oils) and »-butyl-
benzene were prepared. The d-limonene was ob-
tained by vacuum distillation of the monoterpene
hydrocarbons of orange oil, which in turn had
been recovered by column chromatography on
silicic acid according to the method of Kirchner
and Miller (1952). The d-limonene was further
purified by preparative scale GLC. Table 1 gives
the weights of d-limonene and n-butylbenzene, the
GLC analyses, and the GLC analyses after elution

Mixture 2 Mixture 3
Gl yBuyl  dlime  wBuyl
50.8 49.2 30.2 69.8
50.3 497 30.0 70.0
49.9 50.1 295 705

of the three synthetic mixtures from chromato-
strips. The detector response to n-butylbenzene is
sufficiently similar to that of d-limonene that no
correction is necessary. Stanley et al. (1961)
reported that the other monoterpene hydrocarbons
present in lemon oil have detector responses simi-
lar to that of d-limonene. After the chromato-
strip deterpenation procedure, the GLC analyses
show that no changes in the relative concentrations
of the d-limonene and n-butylbenzene result from
this treatment.

To determine the effect of the internal standard
concentration on the accuracy of the method, vary-
ing proportions of n-butylbenzene were added to
aliquots of a sample of lemon oil, and the resulting
mixtures were carried through the general ana-
lytical procedure. The results appear in Table 2
No serious effects were observed, even with rela-
tively wide variations in the proportion of added
n-butylbenzene. However, in order to minimize
errors in calculating areas under the peaks traced
by the recorder, it is desirable to have the quantity
of n-butylbenzene approximately equal to the total
quantity of the monoterpene hydrocarbons. To
check on recovery by the general procedure, a
synthetic mixture was prepared containing 0.232 g
d-limonene, 0.0391 g citral (the major oxygen-con-
taining compound of lemon oil), and 0244 ¢
n-butylbenzene. The d-limonene was purified as
described previously, and the commercial sample of
citral was purified by preparative-scale GLC. The
mixture, having a calculated total monoterpene
hydrocarbon content of 85.6%, was analyzed by

Table 2. Total monoterpene hydrocarbon con-
tent of a lemon oil measured with varying per-
centages of added n-butylbenzene.

hyatral m noterﬂ?ne

oA g
224 85.1
28.3 84.6
36.7 82.5
54.1 83.4
79.6 80.5
84.4 84.3
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the general procedure and found to have a total
monoterpene hydrocarbon content of 84.8%.

RESULTS AND DISCUSSION

lshows ty nﬁtrca chromatograms ob
tarned rom the monoterpene %drocar on
analyses of cold-pressed Iemon ime oran e,
and ?ra pefruit qils.  Peak areas. of each

mono erpene h}/drocar on and of «-butyl-

benzene are ca culated from the rntegra or
sweeﬁs unger each pea srn\gte nown
weignts of wbutr{ enzene IVB) and o,
the rt)eak area of the w-bu enzene AB&
he total of the peak ar as of the mon
terpene hydrocarbons Ah
mon?terpene
I calculated as
Wa _ An Ah

IV, Ab Ab

Then, %_ total monoterPene hydrocarbon
content of oil = (W H wt of ojl)

The citrus oils used in this study were
commercial samples, the lime oils being hoth
of foreign and domestic origin. The *“folded”
lemon 0ils were commercial samgles con-
centrated by vacuum distillation to remove
some of the monoterpene hydrocarbons.
Table 3 shows analyses for the”total mono-
terpene hydrocarbon content of 100 sam Ies
of California | emon ol an]rp es of
zona lemon ail, samptes of Texas Mey er
Iemon oil, 23am les or 5-fold lemon ol, 27
saan es of California orange oll, 15 samples

orr a orange oil, 4 samples of Texas
?rage rint oil, an 5 samples of cold- %ressed
ime oil. The relative_ monoterpene hydro-
carbon, comgosrtrons of these Same ors are

Iven in Table 4. Each ling adas to 100% ;

e values are averages for the samples

ollows :

WH= 1 WB

hy? ?carb N WH \rlrlrel%e orf
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Table 3. Total monoterpene hydrocarbon con-
tent of some citrus oils.

Citrus oil n X T CV.
Lemon, California 100 809 33 41
Lemon, Arizona 6 846 47 56
Lemon, Meyer, Texas 2 89.7
Lemon, 5-fold 2 376
Orange, California 21 893 26 29
Orange, Florida 5 %05 25 28
Grapefruit, Texas 4 884 13 15
Lime, cold-pressed 5 686 39 57

it=number of samples analyzed.

X = average total monoterpene hydrocarbon

content, per cent of oil.
y= standard deviation.
C.V. = Coefficient of variation, times 100.

shown in Table 3. All values observed have
been included ; however, when the peak is
small there is considerable experimental
error, o undue sr&;nrfrcance should not be
attached to values Tess than 1%,

Note that it Is possible to, determine the
concentratrons of ‘'the Individual monoter-
ene Y rocarbons as a percent of the orig-
rna ol by using therr reIatrve concentra
tlons as determrne from the gas chromato-
grams (ct. Taple 4) and the fotal monotey-
Pene ydrocarbon cont nt as dFtermrned In
he. calculation given above ﬁ
This technrque erI be usefu in studying
regronal varra 1ons in citrus oil com 03 jon.

For examﬂe It arnpears that t ere a e differ-
ences In the tota monoterﬁene ydrocarbon
confent and in the relative hydrocarbon com-
position of lemon oils obtarned from Arizona
desert fruit as contraéte with Calrf rmia
coastal fruit. Similar differences have heen
observed 1 optical rotation (lkeda et al,
1961) and in citral content (Poore, 1932

Table 4. Maonoterpene hydrocarbon composition of citrus oils.

% total

Citrus oils hyrg(r)%cgr]teon %eFr)rle
Lemon, California 80.9 18
Lemon, Arizona 84.6 2.0
Lemon, Meyer, Texas 89.7 17
Orange, California 89.3 0.3
Orange, Florida 90.5 0.1
Grapefruit, Texas 88.4 0.2
Lime, Cold-pressed 68.6 2.5

% relative concentrations of individual monoterpene hydrocarbons

R Sk My iimo- Yo ﬁrgn’e
13.0 19 li 72.2 10.0 Tr.
6.5 1.0 2.1 79.8 8.6
31 0.6 1.9 82.9 8.8 1.0
0.2 14 98.0 0.1
0.1 1.3 98.5
1.6 97.3 0.9
14.7 2.3 1.0 68.1 10.7 0.7

*Blanks indicate 0 as measured on the %-inch X 10-foot DEGS column.
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. . L Chromatograms
identities: (1) a-pinene,

pinene, (7) n-butylbenzene.

—

Stanley and Vannier, 1959t). Known samples
of lemon oil made only from coastal fruit
generally have total monoterpene hydro-
carbon contents of less than 80%, whereas
known samples made from desert fruit aver-
a ? about 85%, and In addition, they have
0 n¥ about one-half the |-r0|nene content of
samples made from coastal fruit.
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SUMMARY

A fungal enzyme preparation, “Naringinase C-100," was separated by
aper electrophoresis into individual rhamnosidase and glucosidase fractions.

p%/dro

he sFecifimti_es of these fractions were determined by testing their ability to
yze various flavonoid and related phenolic glycosides.  The individual

amnosidase and glucosidase fractions were characterized by determining the

deFree of hydrolysis
S0

) roduced in standard naringin and prunin substrate
utions at various pH’s, temperatures, and time ‘intervals. A paper chro-

matographic-fluorometric method suitable for quantitative determination of
naringin and prunin in mixtures containing naringin, prunin, and naringenin
was devised and employed in the characterization studies.

INTRODUCTION

Thomas and co-workers (Thomas et al,
1958) recent,lty reP,orted on_the enzymatic
action of their” partially purified fungal en-
zyme preparation, “Naringinase C.” on nar-
Ingin ‘4',5,7- r|hydro,xyfla_vanone-_?-rhaimno-
lucoside), the "maim bitter principle In
rapefryit,  Their “naringinase C”  was
Shown mdwect,lg to contain’ a rhamnosidase
and a_glucosidase capable. of convertin
naringin to. the aglycone naringenin (4'5,7-
trihydroxyflavanone) via the™_intermediate
glucoside” prunin (naringenin-7-glucoside),

e-gv .
~ rthamnosidase .
IETEI TV [IEE— > prunin

glucosidase
.............. » naringenin

The rate of over-all conversion of naringin
to naringenin in aqueous citrate buffer™in
thelr stugies was followed by the Davis
method (Davis, 1947). This method i
based on the yellow “color produced b
naringin but not by naringenin, upon re-

1Present address: Kerr-McGee Research Lab-
oratory, Kerr-McGee Bldg., Oklahoma City, Okla-
homa.
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acting with alkaline-diethylene
measUred spectrophotometrically at 420"y
_Thomas et al. (1958) found"that “narin-
?lnase C" rapidly debittered natural qra e-
ruit juices, but ecy could not correlate de-
bittering with the decrease. in naringin con-
tent obfained bg analysis with the Davis test.
This was found to ?e the resylt of the accu-
mulation in juice of the non-bjtter Interme-
diate prunin, which occurred because of
Inhibition of the glucosidase in the enzyme
%[eparatlon_ by glicose present in the juice.
Ince prunin gives essentially the same color
reaction as naringin with the Davis reagent,
the Davis method was found useless for
measurement of naringin In the presence of

runin,
d In" the st}de“ reported here, the actual
separation of & “naringinase C” preparation
into individual glucoaldase and. rhamnosj-
dase fractions was achieved, and tne specl-
ficity of these fractions in hydrolyzing a
number of flavonoid and phénolic glyco-
sides was determined. , _

aper chromatographic-fluorometric
method suitable_for quantitative, determina-
tions _of naringin and prunin in_mixtures
contalnln% veray_small_ quantitjes of ngrlnﬂl]n,
prunin, and n rlnqenm Was deveIoPe_. IS
method was employed to characterize the

%chzoll, as
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effect of pH and temperature on rates of
hydrolysis of naringin and prunin by the
rhamnosidase and glucosidase, respectively.

EXPERIMENTAL METHODS

Preparation of glucosidase and rhamnosidase.
A Karler-Misco continuous-flow paper electro-
chromatography cell (Microchemical Specialties
Co., Berkeley, Calif.) with a gravity-flow wick
sample feeder was used for the preparation of
glucosidase and rhamnosidase. A Whatman 3MM
chromatography paper curtain was placed in the
cell with the table at the intermediate level and
equilibrated for several hours with 575 x icr-M
borate buffer of pH 85. The feeder containing
50 mg of “naringinase C-100" concentrate (com-
parable to the “naringinase C” described by
Thomas et al., 1958; obtained for research work
from Rohm and Haas Co.) in 20 ml of the
borate buffer was placed in the right-hand window
feeder position above the anode buffer chamber.
A current of 155 ma (318 V) was supplied. The
electrophoretic separation was continued for 5
days at about 22°C; approximately one-half of the
feed was consumed.

Determination of activity. The resulting 22 elec-
trophoretic fractions were examined for activity
by incubating each with standard naringin and
prunin solutions. The reaction products were de-
termined by paper chromatography. The stand-
ard aqueous substrate solutions consisted of
2.0 X 10~ chromatographically pure naringin or
prunin, 1.0% citric acid, and sufficient sodium
hydroxide to give a pH of 40. To individual
10-ml portions of these standard solutions were
added 0.2-ml portions from each of the collected

electrophoretic fractions. These solutions, together
with controls consisting of standard substrate only,
were incubated 6 hr at 50°C, and the incubated
solutions were immediately extracted with redis-
tilled ethyl acetate.

The extracts were evaporated to dryness and
taken up in I1-ml portions of redistilled methyl
alcohol.  Portions of 100 x each were chro-
matographed, together with reference samples of
naringin, prunin, and naringenin, on Whatman
no. 1 paper in the «-butyl alcohol-acetic acid-water
(BAW) solvent system (6:1:2,v/viv). The re-
sulting chromatograms were sprayed with 1%
aluminum chloride in methyl alcohol and examined
under ultraviolet light (3660A, Blak-Ray, Ultra-
violet Prod., Inc., San Gabriel, Calif) to locate
fluorescent compound zones.

In this manner, electrophoretic fractions 2-5
(numbered from the cathode buffer chamber)
were found to hydrolyze prunin to naringenin,
but they did not alter naringin. These electro-
phoretic fractions were combined as “glucosidase.”
Fractions 14-20 hydrolyzed naringin to prunin,
but did not affect prunin. These were combined
as “rhamnosidase.” Other fractions either con-
tained no active material or contained a mixture
of glucosidase and rhamnosidase, and were dis-
carded. In no case was hydrolysis found in the
controls, which contained only standard substrate
solutions.

Specificity studies. The specificity of the rham-
nosidase and glucosidase fractions was checked by
determining their activity on a number of other
available flavonoid and phenolic glycosides. Solu-
tions of these glycosides in citrate buffer of pH
4.0 were incubated at 50°C with portions of the

Table 1. Effect of rhamnosidase and glucosidase on certain glycosides.

Glycoside tested

Quercetin-3-glucoside (isoquercitrin)
Naringenin-7-glucoside (prunin)
Esculetin-6-glucoside (esculin)
Scopoletin-7-glucoside (scopolin)
Hesperetin-7-glucoside
Apigenin-7-glucoside
[sosakuranetin-7-glucoside
Quercetin-3-rhamnoglucoside (rutin)
Quercetin-3-rhamnoside (quercitrin)
Naringenin-7-rhamnoglucoside (naringin)
Kaempferol-7-rhamnoglucoside
Apigenin-7-rhamnoglucoside (rhoifolin)
Hesperetin-7-rhamnoglucoside (hesperidin)
Neohesperidin
[sosakuranetin-7-rhamnoglucoside

Sugar moiety hydrolyzed

Glucosidase Rhamnosidase
glucose none
glucose none
glucose none
glucose none
glucose not tested
glucose not tested
glucose not tested

none rhamnose
none rhamnose (slightly)
none rhamnose

not tested rhamnose

not tested rhamnose

not tested rhamnose

not tested rhamnose

not tested rhamnose
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enzyme preparations, and the reaction products
were identified by paper chromatography as de-
scribed above. o _

Quantitative measurement of naringin or prunin.
Naringin and prunin standard substrates, as de-
scribed above, were used respectively in studying
rhamnosidase and glucosidase activity.

Aliguots of enzyme solution were added to 10-ml
portions of standard substrate solution of the indi-
cated pH. The resulting solutions were incubated
at the desired temperature for the required time.
Immediately upon removal from the incubator, the
reaction mixtures were extracted with four 15-ml
portions of redistilled ethyl acetate. Practically
quantitative extraction of prunin and naringin was
obtained by this method.

The extracts were evaporated to dryness and
taken up in 1 ml redistilled methyl alcohol, of
which 100 x was spotted on Whatman No. 1 paper.
Papers were developed in BAW for 14 hr to
separate naringin from prunin in the rhamnosidase
studies, and in distilled water for 5 hr to separate
prunin and naringenin in the glucosidase studies.
The papers were dried thoroughly at room tem-
perature, then sprayed with 1% aluminum chlo-
ride in methyl alcohol solution. The sprayed papers
were allowed to develop 24 hr at room tempera-
ture. Spots of either naringin or prunin were
cut from the papers after marking equal areas
for each spot viewed under uv light. Each spot
was cut into small pieces with scissors and placed
in a 25-ml stoppered flask containing 10 ml of 1%
methanolic aluminum chloride. The flasks were
shaken 20 min, and the contents then allowed to
settle. Portions from each sample were decanted
into cuvettes, and the intensity of fluorescence of
the prunin-AICh complex or naringin-AICls com-
plex at 520 mfi, produced by an activating wave-
length of 325 m/t, was measured in an Aminco-
Bowman spectrophotofluorometer. The quantity
of prunin or naringin in the sample was then
determined from a standard curve obtained by
carrying 2.5-20-"g quantities of appropriate stand-
ard glycoside through analogous chromatography
and elution steps, and plotting percent transmis-
sion (intensity) vs. concentration of glycoside.

RESULTS AND DISCUSSION

Specificity studies. 1he_ Tesylts_of the
SPeCIfICIty studies are compiled jn Table L
It can be seen tnat the glucosidase specifi-
cal(ljy hydrolyzed glucosides, and that no
hydrolysis. occurréd  at _rhamnoglucomde-
aglycone linkages. Other limitations to glu-
cosidase action are not readily apparent;
however, the mode of glucosme attachment
Is generally thought fo be beta for the
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Fig. L Ty[l)ical fluorescent spectra for naringin
or prunin in" 1% AICIs in meth¥l alcom.l produced
bly an activating wavelength ot 325 m|]. with the
fluorescence maxima at 520 m7. Concentration
range studied was 0.25 to 2.0 jtig/ml.
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flavonoid glucosides_used in this study. The
rhamnosidase ~ specifically . hydrolyzed the
rhamnosides tested n which”the Thamnose
was attached to glucose, as in rhamnogluco-
sides, and also hydr_olgzed the one rhamno-
side tested in Which the rhamnose was
attached directly to the aqucone (quercetin-
3-rhamnoside),”although 1éss readily than in
the case of the rhamnoglucosides.
Quantitative measurement of narin-
iNn or prunin. F|g 1.Sh0WS typ|Cal
fluorescence Spectra for various concentra-
tions.of prunin or naringin 1n 1% aluminum
chloride 'in methyl alcofiol solution. Within

100
P
-
S 80
s}
(V)
<
O
260
e
L)
]
o

40

1 N 1 ' 1 [
30 4-0 50 6-0
pH
Fig. 2. Effect of pH on activity.
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the concentration range 0.2-2 [zg/ml, per
cent fransmission was found fo be a lingar
function of naringenin- %choyde concentra-
tion; above thlt? conce tratlton rangeeflsulo
rescence quenching apparently becam
m?lcant %8 percgnt tp ansml)s/smn droppegd

off

Repeated experlments revealed that, al-
though elution "of prunin or naringin from
the paper was not complete. under ‘the con-
ditions emPIo ved, for each individyal Paper
the proportion eluted of compound actuall
Pplled to the paPer was, essentially co

ant for aII samples W|th|n the._concentra-
tlen range of 2.5-20 [;g; hence, the ImearltGy

th chent transmls lon- concentratlonr
lationship was maintained, However, the
proportion eluted of samples of the ‘same
size applied to different papers often varied

100

©
O

®
O

Relative Activity

1 1

40 50
Temperature ('C)
Fig. 3. Effect of temperature on activity.

slightly, thus requiring spotting of three or
fogr s¥andards fqor co%str%ctlgrg of standard
curves for each é)aper run It highest accu-
racy was to be obtained. Determination of
nftrm%emn hy this Erocedure Wwas not em-
ployed in this'work, Since the solvent system
distilled water, used to separate Prunm an(
narjngenin Ero duced %oo much streaking of
narm%enm 0fS on chromatograms.

dro ysls studies. Flgs 2 and
3sh0wt ee ecto H and temp rature on
rates _of. hydrol sg SIPT%] the, eveo
uantitative met od fo easurmg?_I |n
or rhamnosidase the optimum pH "region
IS 4.5 when incubated 2.5 hr at the optimum
temperature of 50°C. The optimum tem-
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Relative ©°/ Hydrolysis
B o)) ®
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4. Hydrolysis of standard naringin solu-
rhamnosidase.

o 10

tion %y

perature for glucosidase at o tlmum pH

5 15 60°C Wwhen incubated 3 hr. sm
he ahove optlmum condltlons th e rates
Y roI SIS were determined. Fig. sows

W rol 5|s of standard naringin solutlon by
rhamnosidase  (0.05 ml enzyme/ml sut-
strate solutlon) as evaluated, measuring
orunin. It _can’ be seen that the curve. s
inear to 70% hydrolysis, thus inaicating
zero-order _Kinetics in” the early stages of
reaction.  First-order kinetics are indjcated
with Plucoadase Fig. .5 shows a plot 0
log a g —x) where @ is the Initial prunin
concentration and X the concentration o
prunin copverted by glucomdase (0.04 m
enzyme/ml substrate Solution)

O6r

Log [ct/(ct—x)]
o O o O
w .[l}. [§)]

no
T

)

o

1 1 1 1 1
20 30 40 50 60
Time (min)

Fig. S. HydroIsz of standard prunin solution
by glucosidase where @ = jnitial prunin concen-
tratlétn and X — concentration of prunin hydro-
lyze

S 0
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SUMMARY

Two procedures for the analysis of dicloran (2,6-dichloro-4-nitroaniline)
by gas chromatography are described. Determination of residues in fruit with
a microcoulometer detector with a sensitivity of 0.01 ppm is outlined, and
determination of dicloran with a thermal-conductivity detector with a sensitivity

of 0.5 ppm is discussed.

Gas chromatography with a thermal-conductivity

detector is also applicable to the analysis of formulations of dicloran for

quality control or regulatory purposes.

Postharvest fun%us infestation on stone
fruits has been shown by O%aw_a et d
(.1961%. to be controlled_by 2,b-clichlor
nitroaniline (dicloran).

harvest but pefore storage for ripening and
Processmg showed effecfive control of these

u ﬂl. Recent information |nd|caftes, thaﬁ a
preNarvest spray treatment of fruifs also
controls postharvest fungus rots. In this
?ase also, a sensjtive and accurate method
tortdetermlnmg the residue levels is impor-
ant,

_Anticipated greater use of 2,6-dichloro-4-
nitroaniling as a fyngicide for fruits presents
the need for. sen?ltlve methods of analysis.
The availability of alternate methods s dften
important to pesticide residye chemists.

previous paper from this laboratory (Kil-

ore ef al. 1962) described a colorimetric
ethod  of anaIXsw for_the determination
of 2,6-dichloro-2-nitroaniline (dicloran) n
grocess_ed fruts, The method included an
xtraction and cleanup eprocedure or several
varieties of canned ‘peaches and apricots,
The analysis of both™ fruit and Syrup was
discussed. : _

S an extension of that work, and usmg
the Kilgore methods of extraction an
cleanup, “two gas chromatographlc methods
of analysis were tested and found to be
effectivé.  One _of these methods uses a
thermal-conductivity Qetector, and the oth?r
a microcqulometer” detector. The thermal-
conductivity detector will respond to as little

o
Fruits treated after

as 5 g, and the microcoulometer will re-
sPond 0 the chlorine from as little as 0.3 /ig
of dicloran.

EXPERIMENTAL

An experimental run on dicloran with the ther-
mal-conductivity detector gave a single well-
resolved peak (Fig. 1) at 205°C at a programmed
rate of temperature increase of I1°/min. Con-
firmatory runs programmed at 21°/min also
showed a sharp peak at 250°C (Table 1). This
temperature change was expected since the rate
of temperature rise was increased. With isother-
mal operation at 180°C a response may be obtained
in a reasonable time, though at a sacrifice of peak
height and shape.

A similar standard solution was injected into the
gas chromatograph with the microcoulometer de-
tector at 210°C. A response was obtained in 4
min, showing that this detector was well suited
for use in the analysis of dicloran (Fig. 2).

Table 1 Response of thermal-conductivity de-
tector to standard solutions of dicloran.

. Ay,
aw Ve e il
0 5 0 g
2 % % 0
10 5 9 )
5 5 ]
1 1% b i

Instrum ent equipped with a 2-ft stainless-stee|
column, %-In. 0.D., packed with 20% fractionated
Dow-11 Silicone grease or. 40-50-mesh Chromo-
sorb P, programmed at 21°C/min with a gas flow
rate of 50 ml He/min, bridge power 200 m.a.
[njection port and detector block, 275°C.
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Table 2. Recovery of dicloran as a measure of
column and instrument efficiency using the micro-
61 coulometer detector.

Solvent

Air
Dicloran

Recorder Response

JJ
T T L T

0 é A; 6 8 10 12
Reterfion Time, Minutes
_F|P. 1. Gas chromatographic resPonse curve for
dichforan using thermal-conductivity detector and
P,rogram tem perature.
ial “temp. 70°C, program 21°/min, He flow rate
55 cc/min, attenuation |x, bridge power 200 ma,,

block 275°, 20 TIg dicloran, résponse at 225°C
stainless-steel column % bi, 2 ft long, packe
with 30/60-mesh Chromosorb P coated with 20%
(w/w) Dow-11 silicone oil.

6..

5

4-
:

2-

[

0 T T —T T T 1

(o] 2 4 6 8 [¢]
Retention Time, Minutes

Fig. 2. Response curve for dicloran from gas
chromatograph using microcoulometer detecfor.
Operating conditions: Block temp. 2?5", column
temp. 210°, sensitivity 64 ohms, 5 11§ dicloran,
carrier gas (N»% flow rate 100 ml/min, oxygen
flow rate 100 mUmin, quartz_ column 6-ft, 5 mm

0.D., packed with 20% fractionated Dow-11 sili-
cong grease on 40/50-mesh acid-washed Chromo-
sor

Operating, conditions: Ini-

Detector % IECOVEry average
ad%%d re(%ﬁ?r%g ¢ aluminum a quartz b

5.0 64 82.4 97.0
4.0 64 83.8 97.0
3.0 128 83.3 92.6
2.0 64 82.0 955
15 128 79.2
1.0 64 80.0 94.8
0.5 512 75.6
0.3 512 70.0

“Instrument egmpped with a_ 6-ft aluminum
column, %-in 0.D., packed with 20% fractionated
Dow-11 silicone grease on 40/50-mesh acid-washed
Chromosorb P. “Injection block, 245°C, column,

bQuartz column, 5 mm diam, in place of alumi-
num.

The extraction and cleanup procedures described
by Kilgore ct at. (1962) were tested and found
to remove all extractives from canned peaches
and apricots that would cause any interference in
the gas chromatographic analysis of dicloran. It
was also determined that the extracts of syrup
need only to be concentrated for gas chroma-
tographic analysis, thus eliminating the need for
the Florisil cleanup step.

METHOD

Fruit or syrup is prepared for analysis by ex-
traction as described by Kilgore ct al.” (1962). A
100-ml portion of a sample representing 50 g
of fruit or 25 g of syrup is put on a 2.5 X 25-cm
column containing 25 g of Florisil previously
rinsed with 50 ml of benzene. The Florisil is
used as purchased. AIl of the eluate is retained,
along with the 200 ml of 1% ethyl ether in
benzene used as wash solution.

Extracts of syrup or Florisil eluates are evap-
orated under reduced pressure with a rotating
flash evaporator just to the point of dryness. The
flask is removed from the evaporator, and the
inner walls are washed down with a small volume
of ethyl ether. The ether solution is transferred
quantitatively to a graduated sedimentation tube
for further concentration. When the volume
reaches 100-300 jA the exact amount is recorded
and an aliquot is taken for injection into the gas
chromatograph.

The gas chromatograph with the microcoulom-
eter detector was used for residue analysis. A
sensitivity of 0.05 ppm is readily obtained. The
sensitivity has been pushed to a lower value, and
is shown in Table 3. The thermal-conductivity
detector could readily give a sensitivity of 05
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Table 3. Residues and recovery of dicloran from
treated apricot fruit and syrup.

Dicloran rdsidue (ppm)b r%r% Sv?relc
Sample Fruit Syrup Fruit Syrup
Check 1 0.0 0.0 80 75
Treatment 1 004  <0.01
Check 2 0.0 0.0 85 80
Treatment 2 0.02 <0.01

LFruit and syrup are the same as the 1000- an?
586 m treatments described by Kilgore ct a

bSensrtrvrty set at 0.01 ppm using the instru-
ment with the microcoulometer detector and con-
ditions as given in Table 2.

cCheck samples fortified at the 1-ppm level.

ppm, which would be sufficient for survey work.

Formulation analysis may be easily and rapidly
done using a chromatograph with a thermal-
conductivity detector. By dissolving an aliquot of
the formulated product (Botran, Upjohn Com-
pany) in acetone (3.4% solubility), a response is
obtained that may be used for quantitative meas-
urement. A 1% solution is equivalent to 10 ng/gl.
which is a suitable strength for analysis.

MATERIALS AND EQUIPMENT
Gas chromatographs:
1) F and M Model 500 with thermal conduc-
tivity detector.
2) Dohrmann Model G-100 with standard micro-
coulometer.

Florisil:
60/100-mesh, the Floridin Co., Tallahassee, Fla.

RESULTS AND DISCUSSION

The linearity of response of the thermal-
conductivity detector was measured over the
range. of 140 9 h varying volumes, of
Injection. The esults and qu noReratrng
conditions are shown in Table 1L T
heignt shows the linearit rﬂ‘res onse, an
the average variation in peak heights shows
the regroducrbrlrry of the instrument and
mrTctr N procedure
ercentar{r recovery  of dicloran
standard using the microcoulometer detec-

GAS CHROMATOGRAPHIC ANALYSIS OF 2.6-DICHLORO-4-N ITROANI LINE

tor is shown In TabIe 2. A comgarrson of
recover}/ etween an aluminum and a quartz
chromatographic column is_shown at varrous
(?ves of mstlrument sensitivity. J
tions of column” operation are escrr
Improved recovery using the quartz column
has also been obServed” with several other
pesticidal com ounds. The microcoulometer
me sures the Iogen content of the sample,
the results. are based on comparison
wrth the theoretical chlorine content.

Table 3 Presents the results of anﬁly?]
of aerrcot ujt and yruP samples a the
reco ery of laboratory”fortified samF es car-
ried through the entire analytica ﬁroce
dure. The (I] chromatograph witn the
microcoulomeler detector Was used to ob-
tain the data shown. The residue values
shown are |n agreement with the data ob-
tained by Kilgore ct al. (1962) on the same
samgles Other confrrmatory data were ob
%arn d mtthe method develop ment usrn
lops of the samp ared for anal srs
Kil ore etal. In devePopRrent of thelr hody
1 shows the response curve for di-
cIoran using the thermal-conductivity de-
tector, The™ response is sharp, Indicating
that the compound Is essentially pure, with-
out anY related compounds or isomers being
presen
Results were similar with the micro-
coulometer detector, bur with a broader peak
This Is characteristic of this type

1g. 2).
of getector and the peak shape is a result
of the slow response of the detector.
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SUMMARY

The stability of low levels of the antifungal pimaricin in orange juice can
be quantitatively followed by a cylinder-plate agar assay using a strain of
Saccharomyces cerevisiae that is sensitive to 0.6 y.g/ml. Pimaricin is stable in
orange juice stored in the dark under refrigeration. The assay data indicate
that pimaricin is adsorbed or bound to the juice pulp, and the recovery from
the juice depends upon proper sample dilution.

_ INTRODUCTION 9) Pimaricin, crystalline material of 97-100%
This report presents an. assay p[ocedure purity
for pimaricin in orange juice and’ indicates ~ 10) Distilled water
that pimaricin 1s bound to the pulp fraction  rest organism. The test organism, Saccharo-
of the_juice. _éThe trademark of the Ameri- myccs cerevisiae ATCC 9763, was maintained on
can Cyanam| Company for PIMAriCIN IS nystatin assay agar (pH 6.1) slants under normal
Mvprozine. refrigeration. The organism was transferred about
W}e adgi ion of 20 g-g/ml and lower con- every three months to fresh slants, incubated at

centrations of the tetraene an“funga' pimari- 37°C for at least 24 hr, and then refrigerated for

cIn to orange juice has been shown by Shirk — storage. g
The inoculum of S. cerevisiag for the assay
ang Cla'rk' (1562) to contro east In fresh was prepared by transferring a loopful of growth

orange Juice. An.assay tq detérmine the re-
covery and stability of pimaricin in orange

Juice was developed during the present stu-
|

MATERIALS AND METHODS

Materials. The materials used were:

1) Glass Petri plates with covers, 100 X 22
mm, flat bottom for assay

2) Stainless-steel cylinders, 8 mm outside di-
ameter, 6 mm inside diameter, and 10 mm
in length

3) Bacto-peptone, Difco Laboratories

4) Ascorbic acid, U.S.P.

5) Nystatin assay agar, Baltimore Biological
Laboratory

6) Glacial acetic acid, reagent grade

7) Sodium hydroxide, reagent grade

8) Dextrose, reagent grade

from an agar slant culture into 100 ml (250-ml
Erlenmeyer flasks) of sterile 1% peptone plus 2%
dextrose broth (pH 5.6-5.7), and incubated 18-20
hr at 37°C. )

Standard solutions. Diluent. A 3% peptone
plus 1% ascorbic acid solution adjusted to pH 45
was prepared as a diluent for pimaricin and the
samples to be assayed. Several flasks, each con-
taining 3% peptone, were prepared by dissolving
10.5 g of peptone in 350 ml of distilled water and
sterilizing. The sterile 3% peptone was stored at
room temperature and could be used over a period
of several weeks without any effect on assay
results.

Immediately before use, 35 g of ascorbic acid
(1%) Weere added to each 3% peptone flask; the
number of flasks to be used was determined by
the number of samples to be assayed. The pooled
3% peptone plus 1% ascorbic acid solution was
adjusted to pH 45 with 3N sodium hydroxide, thus
providing the diluent for all subsequent standard
pimaricin solutions and samples for assay.

Pimaricin standard. The pimaricin® standard

aPresented at the 22nd Annual Meeting of the
Institute of Food Technologists, June 12, 1962,
Miami Beach, Florida.

bPresent Address: Department of Bacteriology,
University of Maine, Qrono, Maine.
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was prepared in a 100-ml beaker by dissolving
10.0 mg of pimaricin with 2 ml of glacial acetic
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acid. A clear solution was obtained after about
ten seconds of gentle agitation. Immediately after
dissolving, the 2 ml of acetic acid-pimaricin solu-
tion was brought to 40 ml with diluent and the
pH was adjusted to 4.5 with 3N sodium hydroxide.
The final volume was brought to 50 ml with
additional diluent to provide a standard solution
of 200 ftg/ml of pimaricin.
Standard-curve dilutions.
tions were prepared by dilution in 125-ml Erlen-
meyer flasks for obtaining the standard curve:

Ciglamele
Diluent - pimaricin solution 50 upons
Rg/ml

Flask no.

1 42 ml -8 ml of the 200
Mg/ml pimaricin standard RV,

2 25 ml+ 25 ml of flask No. 1 16
3 25 ml-25 ml of flask No. 2 8
4 25 ml 25 ml of flask No. 3 4
5 25 ml% 25 ml of flask No. 4 2
6 25 ml+ 25 ml of flask No. 5 1
7 25 ml+ 25 ml of flask No. 6 05

Assaoy procedure. A flask of sterile 1% peptone
plus 2% dextrose broth was inoculated with the
test organism 18-20 hr before preparation of the
agar assay plates. At the same time a sufficient
number of sterile assay Petri plates were placed
in a 55°C oven for overnight storage.

On the following day, flask(s) of nystatin assay
agar (300 ml) were melted and placed in a
48-49°C water bath. The pimaricin (10.0 mg)
was weighed out and placed in a 100-ml beaker to
be set aside until later. The 3% peptone plus 1%
ascorbic acid diluent at pH 45 was prepared in
an amount judged sufficient for the day’s work,
and added in the designated amounts to the
125-ml Erlenmeyer flasks used for the standard-
curve solutions.

When the melted agar was cooled to 48-49°C, it
was seeded with 7.5 ml (2.5%) of an 18-20-hr
culture of A. ccrevisiae. Six milliliters of the
inoculated agar was added to each plate (pre-
heated to 55°C) with an automatic syringe and
evenly distributed by gentle rotation. All poured
plates were set aside on a level stone bench to
cool and harden. The lid of each plate was canted
to the side during cooling to lessen condensation
on the underside of the lids. Preheating the assay
plates to 55°C ensured a slower cooling of the
agar, providing a more uniform set of poured
assay plates.

While the plates were cooling, the 200 ,ug/nd
pimaricin standard was prepared as previously
described and the standard solutions completed by
diluting the pimaricin standard. Six sterile stain-
less-steel cylinders were placed symmetrically at

The following solu-

ASSAY OF PIMARICIN IN ORANGE JUICE

60-degree intervals on each agar plate by dropping
the cylinders through a specially drilled template.
Three plates were used to obtain a standard curve.
The cylinders on each plate received, in clockwise
order, by pipette, 4-6 drops of the standard solu-
tions of pimaricin (16, 05, 8, 4, 2, and 1 ,ug/ml).

The orange juice samples containing pimaricin
were appropriately diluted in standard diluent and
pipetted dropwdse into the cylinders in triplicate,
one cylinder of each sample per plate with six
samples per plate. Thus, if 24 prepared orange
juice samples were to be assayed in triplicate, it
would require 12 plates for the samples and 3
plates for the standard curve. The lids were care-
fully replaced on the plates after the cylinders
were filled. Since pimaricin is labile to light,
brown paper was placed over the entire set of
plates, which were maintained in their original
position, and incubated at room temperature.

After 18-24 hr of incubation at room tempera-
ture, the cylinders and test solutions were removed
from the plates, and the zones of 5. Cerevisiac
inhibition were measured on a Fischer-Lilly anti-
biotic zone reader. The triplicate zones of inhibi-
tion for each assayed sample were averaged. The
averaged zones of inhibition of the standard solu-
tions were plotted against concentration on three-
cycle semi-log paper and a straight line fitted by
eye through the points to obtain the standard
curve.

The averaged zones of inhibition for each orange
juice sample were compared with the standard
curve to obtain the concentration of pimaricin in
the sample. The result was multiplied by the
dilution factor of the sample to arrive at the
concentration of pimaricin in the orange juice.

RESULTS AND DISCUSSION
A typical standard curve for pimaricin is

showri In Fig. L The 0.5-/rg/ml standard of
c 24
.Q i
o=t L
2
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-
R
3 16 F
H
2ot
o
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c
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€
£ N
4_ 1 1 1 1 | I— |
05 1 2 4 8 16
/ug/m1 Pimaricin
Fig. 1. Pimaricin standard curve, assay no. 55.
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pimaricin did not consistently give a re-
sponse since this_concentration approaches
the limit of the tfst organism’s sensitivity to
pimaricin. - Usually, only the values for” the
- g/m| stan?ards were @Iot-

2-, 4- and 8
fell very nearly on

ted. In r(.];en,eral the ?omts
a straight line and the calculation and_ plot-
ting of'a regression eguation gave no signifi-
cant advantage over the line fitted by eye.

Orange Juice

E 20 Treatment
B} /.Lg/ml Pimaricin
Xier 20
3t}

3

Eu}914- /

et/

Q 1ot /

— 10
— !
~

/

—
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E 4l —5
5

5 -
2 2L/ —2
2 2
<<

)\

o LI 11 15 T R N T 1
01:2 {:4 1:6 1:8 {0 42 114 1:20
Dilution of Orange Juice in 3% Peptone = 1% Ascorbic Acid Solution

Fig. 2. The effect of sample dilution upon the
assay of pimaricin in orange juice treatments.

u

Pre_h_mmara/ assay results on orange_ juice
containing 20 Jug/ml of pimaricin indjcated
that when the juice was diluted with the
standard diluent from 0 to apout 1:10 there
Was a progressive increase In the recovery
of pimaricin. The undiluted juice showed
about 30% recovery whereas the dilyted
Juice ([zave progresswe_lly Increasing  values
until at about a”1:10 difution approximately
90-95% of the pimaricin could be accounted
for. Fig. 2 shows_ this recovery effect in
orangée iume contamln% pimaricin at 1.2,
25,5, 10, and 20 [ag/ml.
maricin  concentrations_ the recovery
creased with dilution.. Thus, accurate”assay
of pimaricin in the juice required that assa
be madg_ at several dI|HtIO_n, oints, to off%t
the binding action of the juice and that the
recovery value be based on the average of
the,B_omts |vm% the greatest response, No
Inhibjtory response was obtained with blank
samples of whole and
FIg. 3 shows the seml-log graph of the
assa%results for each concénfration of pi-
maricin In orange juice stored 12 weeks at

diluted juice.

At all of the ﬁ]l-
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2.5°C in the dark. The figure indicates the
prolonged stability of pimaricin in_grange
Juice and that the slow rate of pimaricin loss
IS similar at both h)lgh and_low concentra-
tions of pimaricin, After 12 weeks of stor-

age, recovery of_the gimaricm Was respec-

tively 77, 74, 10, and 48% for the
pimaricin’ treatments of 20, 10, 5 25 an
125 Jogiml, The fact that the Towest levels

of pimaricin gave the lowest ,per,centa?e of
recovery was due to the _“bmdlnﬁ effect
comhingd  with thf sensjtjvity of the assa?]/,
2., 1t1S impossiole o dilute' a low concen-
tration of pimaricin, e, 125 J;o/ml, more
than_1:2 and remain Within the” minimym
sensitivity limits of the assay (about 0.6
ffg{m). :

t was speculated that this effect was, due
to the low pH of less diluted orange 1JUlce
samples. The orange gume has a, [0 of 3.7,
and consequently, when the undiluted juice
IS placed In thé cylinders upon the dssay
agar, the pH of the”sample is 3.7, compared
with the standard-curve diluent of pH 4.5,
As the &UICQ IS djluted the pH rises until, at
a 1:8 dilution, It becomes constant_ at 4..
Therefore, both the normal orange juice con-
tamlrglg glmarlcm and the same Juice ad-
Justed” 10 pH 4.5 were assayed t0 test for
a pH effect urpon assaa/. Norie was, found.
. For furthey study of the factor_ in orange
Iume responsible for increased activity of di-
uted juice, pimaricin-treated orange juice

i

/@g/mF Imaricin - After I%e
20

> T7T%

Orange Juice ~ueg/ml

5 5

(l'lllllll'
.

> T4%

o
TT

» 70%

f

Assay of Pimaric
o
n
/
}N
ul

> 68%

Iy
a
T

» 48%

1 1 | | | | I | |
4 6 8 10 12
Weeks Storage at2.5°C

Fig. 3. The stability of varying concentrations

of pimaricin in orange juice Stored at 2.5°C in
the dark.
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was separated into_ its pulp and serum frac-

tions. with a clinical centrrfuge and each

fraction was assayed separa eIY g, 4

shows the averagé results of two, assays

calculated as percent recoverY of pimaricin
i

optained on orange juice con nrn? pimari-
cin at 20 fig/ml, " This frgure Ilustrates the
8552 resuIs of the whole juice, showmg
Incréased pimaricin recovery with'increase
dilution of the | IJurce The same rrurce samples

5m| wee centrifuged, and the serum
382 ml ecanted

and assaxe in the
same ma ner as the whole gurce The remain-
ing pulp t53 ml) was thén diluted with an
amount @ drIuenJ %urvalent to serum re-
moved, mixed, and assayed in the same man-
ner as the whole juice. he results indicated
that a large amount o imaricin (105
Jig/ml) was In the p ulg raction. With sub-
seérro]ertrﬁedrlutron maricin becomes _eluted
r
greate recover% It should he noted that
percent recovery in the serum fraction does

2 Whole Juice
A (Assayed 18 Qug/inl)

in Recovery

G
Whole Orange Juice

012 4 6 13 rro

80 - Serum

60 - (Assayed 6.7/zg/m)
40 -

20 -

f05yig/nt
012 14 16 1S 140 Centrrfuged rangel Jd yight)
ie. Dilution.in 3 0Dsptcne-
corie Acid Solution

4. Recovery of pi
treated orange | urcye F pfn
in the serum and pu
after centrifugation.

[rcrn from pimaricin-
gml and its recovery
p frattions of orange juice

Ip in some manner, allowing fol-
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not increase with dilution as does recovery
In the pulp fraction, fyrther rndrcatrng that
the dilutjon-recovery effect is associated with
the binding of pimaricin to the pulp fraction.
In addrtron the total recovery obtained bv
ag rnP the serum and pulp recoveries was
S'?htY reater than that obtained for the
normal Wh oe jurce Indicating a possible
methqd, where dy grmarrcrn recovery in or-
ange urce could be improved further,
urt er evidence that oran[q gurce puIP
binds pimaricin was demonstratéd as fo
lows: Fresh orange | urcg 15 ml) was cep-
trifuged and the serum iscarded.” The pulp
was ‘mixed and washed four times in gis-
tilled water bY recentrifuging and drscardrnq
the wash water each time.~ After the find
centrifugation the water was decanted, Ieav
rnﬁ 12°ml of washed oran?e Juice npu to
ich 138 ml of diluent contai
xg/ml of rmarrorn was added and mrxed
rs whole_sample (now containing pimari-
cin of 14.7 jug/mh as well as the centrrfuged
PUP an ser\r ractions w%s assayed wrt
ncreasing dilution as descrined pevrous
Prror 0 assay the pulp was resuspended in
138 ml of additional’ diluent. The assay
results for the whole sample. and serum and
pu rP ractrons were respectivel 3/ 134, 94
72 (gl of rmarrcrn Indicating tha
oran e {urce pulp removes prmarrcrn from
one-ascorbic agid solution.. Thus,
the rIutron -recovery effect upon pimaricin
assay in orange JUICG may be exglarned by a
brndrng etfect” of pimaricin by the pulp
%tron of the h]urce The f%:tor assocrated
witn the pulp that is respons le for binding
pimaricin awarts further stuay.
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SUMMARY

The protein in wholewheat unbaked bread ingredients, microwave-baked
wholewheat bread, oven-baked wholewheat bread, and two hreakfast cereals
was evaluated by gain in body weight of rats, protein efficiency ratio, increase
in carcass nitrogen, and apparent availability of lysine as determined by fecal
excretion.

No significant differences were noted between the bread ingredients and
microwave-baked bread. Oven-baked bread gave values significantly lower,
24-45% , than those of the ingredients. The apparent availability of lysine
in bread ingredients and in microwave-baked bread was 96% and 95%, respec-
tively, whereas that for oven-baked hread was 70%.

The protein in one breakfast cereal barely maintained the weight of the
animals, and gave low values for protein efficiency ratio and increase in carcass
nitrogen. Seventy-five percent of the lysine was available. The other cereal
allowed good growth of the animals and gave values similar to those for nonfat

milk. In this oat-and-wheat-germ cereal, 88% of the lysine was available.
A linear relation was obtained between either gain in body weight or in-
crease in hody nitrogen and the amount of available lysine ingested.

Heat has a detrimental effect on the pro-
tein in baked cereal mixtures. Morgan
(1931) showed that the protein efficiency
ratio and biological value of white bread
were lower in the crust than in the crumb.
She suggested that the disparity in nutritive
value between toasted and raw products
must lie chiefly in differences in the useful-
ness of the amino acid mixture absorbed,
and that lysine and histidine were the amino
acids probably involved. The protein effi-
ciency ratio of a high-protein cake mixture
was decreased by baking and toasting, and
the ratio was restored by supplementin% the
toasted product with lysine (Block € al,,
1946). Two studies on high-protein (20-
23%) biscuits made with peanut flour, corn
flour, and other ingredients showed that
available lysine was lost with baking (Mau-
ron et al, 1960; Carpenter and March,
1961).

Few studies have been made on the effect
of heat on the availability of lysine in wheat
products. Calhoun 6t al. (1960) found rela-
tively small differences in the availability of

lysine as determined by rat growth studies
for wheat, white flour, and white bread :
72-76% available lysine in one experiment,
and 78-83% in another. Since the bread
contained nonfat milk solids, the protein was
not exactly comparable with that of the
flour.

The present study was designed to test
whether the lysine in baked bread is as well
utilized as is the lysine in the unfermented
and unbaked ingredients. The apparent
availability of the lysine was determined by
the fecal excretion method of Kuiken and
Lyman (1948) for unbaked wholewheat
bread ingredients, microwave-baked bread,
air-oven-baked bread, and 2 breakfast cere-
als. Apparent availability of lysine was
compared with protein quality as determined
by growth, protein efficiency ratio, and gain
in carcass nitrogen per gram of nitrogen

eaten.
EXPERIMENTAL

Protein efficiency ratios were determined by the
rat-growth method of Osborne et al. (1919), with
modifications. The rats used were the Long-Evans
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strain, from the stock colony of the Department
of Nutritional Sciences, University of California at
Berkeley. They were weaned at 21 days, with
weights between 50 and 60 g, and placed individu-
ally in metabolic cages. Animals were equally
divided as to sex, weight, and litter mates for
each group. They were then fed one of the 5 test
diets ad ?Ibltum for 4 weeks. Food intakes and
gains in body weights were recorded. Twenty
animals in each group were fed a diet containing
one of the breads, and 10 animals in each group
were fed diets containing a breakfast cereal as the
source of protein. A vitamin supplement was fed
3 times weekly. Animals received from the sup-
plement calculated per day: thiamine HCL 20 fig,
riboflavin 40 fig, pyridoxine 20 fig, calcium pan-
tothenate 100 fig, niacin 66 fig, para-amino-benzoic
acid 100 fig, inositol 2.5 mg, choline 10 mg, folic
acid 20 fig, biotin 2 fig, menadione 49 fig, vitamin
Bi2 0.2 fig, vitamin A 100 I.U., vitamin D 10 LU.,
and alpha-tocopherol 0.5 mg.

Lysine intakes and fecal excretions were deter-
mined for a 7-day period for all groups of animals.
During the second week of the 4-week feeding-
period, feces were collected daily and refrigerated.
At the end of that time they were weighed, ground,
and frozen until analyzed for lysine. Samples of
all diets for lysine analysis were finely ground and
treated in the same manner as the fecal samples.

Baking of the breads. Bread was made from
wholewheat flour containing 13.4% protein. The
formula used contained, in parts : flour, 100; active
dry yeast, 3.3; sucrose, 3.3; salt, 2.0; hydrogenated
vegetable shortening, 1.9; water, 68.5. The ingre-
dients were mixed in a large Hobart mixer, fer-
mented 1 hr at 85°F, punched down, and fermented
for 1 hr more.

For air-oven-baked bread, the dough was scaled
to 20 oz, hand-molded into loaves, placed in tin
bread pans of 11 X 4 X 2yi in., proofed for 1 hr,
baked 45 min at 435°F in a hot-air oven, and
cooled.

For microwave-baked bread, the dough was
scaled to 14 oz, hand-molded into loaves, and
placed in glass containers of 8 X 3% X 2% in.
Because only one loaf of bread could be baked at
a time, proofing was retarded by placing the loaves
in a refrigerator, and the loaves were proofed
to height. The loaves were baked 6.5 min in a
microwave oven (Radar Range Model 1170, Ray-
theon), then turned at a 180-degree angle and
baked for an additional 65 min. This turning
gave more uniform baking.

The bread baked in the microwave oven differed
from the bread baked in hot air in that the former
had no visible browning or “crust” on the ex-
terior of the loaf. Instead, a tough, rubbery skin
covered the top of the loaf, and the sides and
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bottom were moist from the condensation of
moisture forced to the exterior during baking.
The crumb of the electronically baked bread was
drier and harsher to the tongue than that of
conventionally baked loaves, and the odor was less
fragrant. The bread baked in the microwave oven
also appeared to dry more rapidly when exposed
to air. When loaves were baked for 15 min
rather than for 13, hard, dry, dark-brown toast
spots developed in the interior.

Composition of diets. The unbaked bread in-
gredients were prepared by thoroughly mixing the
dry ingredients. The yeast was heated in an oven
for y2 hr at 82°C to destroy its activity, and was
pulverized before being mixed with the other
ingredients.

The breads were thinly sliced, air-dried for
48 hr at room temperature, ground finely, and
refrigerated until used.

The flaked, ready-to-eat cereal (Kellogg's Spe-
cial K, no added lysine; Kellogg Co., Battle Creek,
Michigan) was ground before being incorporated
into the diet. The product was advertised as being
a high-protein cereal composed of rice, wheat glu-
ten, wheat germ, nonfat dry milk, and dried yeast.
It contained 2.75% of nitrogen.

The granular uncooked cereal (Protein Plus;
General Mills, Inc.), containing oats and toasted
wheat germ, was used as purchased. This was
advertised as a high-protein hot oat cereal pro-
viding high-quality protein. The sample contained
2.90% of nitrogen.

The bread and cereals to be tested were incor-
porated into diets made to a nitrogen content of
1.65£0.04%. The composition of the diets is shown
in Table 1

Carcass analysis for nitrogen. At the end of the
4-week feeding period the animals were fasted for
24 hr. They were then killed with ethyl ether,
weighed, wrapped in aluminum foil, and frozen
until analyzed. Intestinal tracts were included.
Incisions were made into the skull and the thoracic
and body cavities, and the carcasses were dried
48 hr at 65°C in a vacuum oven.

The dried carcasses were extracted with ethyl
ether for 24 hr, in a Soxhlet apparatus to avoid
the foaming that occurs during digestion in the
Kjeldahl analysis for nitrogen. Each dried, de-
fatted carcass was digested with concentrated sul-
furic acid in the proportion of 10 ml/g dried
carcass. Selenium and QkSCh were used as cata-
lysts; 2-octanol was used to control the frothing.
The digested matter was diluted to 1 L, and
aliquots were taken for the micro-distillation of
ammonia.

A group of 10 stock rats, weighing an average
of 45 g, was analyzed for carcass nitrogen and
found to contain 2.77+0.06% nitrogen. This value
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Table 1. Composition of diets (percentages).

Diet F;
Unbaked wholewheat bread
ingredients
Microwave-baked wholewheat bread
Air-oven-baked wholewheat bread
Ready-to-eat cereal
Cereal to-be-cooked

>

Mmoo w

70

72
58
56

Hydro-
Fo nfee-  Salt gﬁ%ﬂ&d
ein 10ner’s miX orten- .
sugar X1V » ing Nitrogen
15 5 10 1.69
17 5 10 1.64
13 5 10 1.63
27 5 10 1.68
29 5 10 1.63

*General Biochemicals, Inc., Laboratory Park, Chagrin Falls, Ohio.

was used as the amount of carcass nitrogen present
at the beginning of the experiment.

Determination of lysine. Five-mg samples (25-
50 jlg lysine) were weighed into Pyrex glass tubes,
and 0.5 ml of constant-boiling, glass-distilled HC!1
was added. Air was evacuated, the tubes sealed,
and the contents hydrolyzed for 6 hr at 110°C
according to the method of Levy and Chung (1953).
The tubes were opened, and the acid was evapo-
rated in a desiccator over NaOH flakes. Distilled
water was added, and the samples were redried to
remove all traces of acid. One-tenth ml of dis-
tilled water was added to dissolve the amino acids
in the sample, and duplicate 10-jtd portions were
applied to strips of Whatman No. 1 filter paper
washed in 95% ethanol to remove all traces of
ammonia. The samples were developed for 12 hr
in a solvent system of »-butanol-glacial acetic
acid-distilled water, 4:1:5. The chromatogram
strips were dried for 20 min in forced air at
65°C, sprayed with alkaline ninhydrin, and re-
dried for 20 min for maximum color development.
The lysine spots were cut from the paper strips
and placed in 15-ml centrifuge tubes. Blanks were
cut from the paper where no amino acids had
been run. Five ml of 71% ethyl alcohol were
pipetted into the tubes, which were sealed with

parafilm, shaken,
rpm.  The eluate was read
spectrophotometer at 575 mli,
the results were interpolated from
curve (Kay et at, 1956).

RESULTS

Gain in body weight. Of the animals fed bread
diets, those fed the unbaked wholewheat bread
ingredients, diet A, showed the largest average
gain in body weight; those fed the air-oven-baked
wholewheat bread, C, had the lowest gain (Table
2). Differences between all 3 groups were highly
significant by the t test (Table 5). Animals fed
the ready-to-eat cereal diet barely maintained their
initial weight. The animals fed the cereal to-be-
cooked were the largest of the groups, with growth
approaching that shown by animals fed a nonfat
dry milk diet containing 10% of protein (Ken-
nedy and Sabiston, 1960). Weight gains paralleled
food intakes.

Protein efficiency ratios. The protein efficiency
ratio of the microwave-haked wholewheat bread
was 5% lower than that of the unbaked ingredi-
ents, and the ratio for the air-oven-baked bread
was 24% lower (Tables 2 and 5). The difference
between the unbaked ingredients and the micro-

and centrifuged 3 min at 2400
in a Beckman B
sensitivity 4, and
a standard

Table 2. Body weight gains and protein efficiency ratios."

Niitro £ boﬁlyp v'vrt] Protein efficiency b
Diet Qgsq (gi Std. dev. Ratio Std” dev.
A. Lhibaked wholewheat bread

ingredients 441 434 74 1.68 0.15
B. Microwave-baked wholewheat

bread 3.68 345 1.2 1.60 0.16
C. Air-oven-baked wholewheat

hread 3.15 235 4.8 1.28 0.22
D. Ready-to-eat cereal 1.56 33 12 0.34 0.12
E. Cereal to-be-cooked 541 96.2 10.1 2.84 0.17

AFour-week
contalned 165 %
G weight gain/g protem intake.

erlod 20 ammals per group in A, B, and C, and 10 in D and E. Diets
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Table 3. Increase in carcass nitrogen.

C%rgass nitroge,
at oeginn nH
{ %Pef
Diet b yw) iq

A. Unbaked wholewheat

bread ingredients 1.80
B. Microwave-baked whole-

wheat bread 1.85
C. Air-oven-haked whole-

wheat bread 1.82
D. Ready-to-eat cereal 137
E. Cereal to-he-cooked 2.00

wave bread was not significant by the t test,
whereas the differences between either of these
groups and the air-oven-baked bread were highly
significant. The protein efficiency ratio for the
ready-to-eat cereal was low, 0.3; that of the
cereal to-he-cooked was 2.8.

The use of male rats has been suggested for
more uniform response in protein efficiency ratios
(Derse, 1960; Morrison and Campbell, 1960) al-
though Morgan (1931) noted no difference in
ratios between male and female rats. Protein
efficiency ratios for 10 females on each of diets
A, B, and C were slightly higher (4-9%) than
for an equal number of males, but the differences
were not statistically significant.

Protein efficiency ratios and standard

deviation
Diet Females Males tvalue
A .73 0.13 1.64 0.16 1.22
B 163 0.15 156 016 097
C 1.34 0.25 1.22 0.18 1.16

Carcass nitrogen. For all groups the increase
in carcass nitrogen (Table 3) followed the trends

Carcass nitrogen Gain in carcass nitrogen
a? auﬂ)psyp Total P%{e% N
(%) Std dev. (9) (ol
2.76 0.16 2.98 118 268
2.80 0.13 2.83 0.98 266
2.65 0.19 2.39 0.57 181
2.96 013 157 0.20 128
2.78 011 4.69 2.69 497
given by the gains in body weight. The relation-

ships between increase in nitrogen per g of nitro-
gen eaten were similar to those for protein effi-
ciency ratios—there was no appreciable difference
between the unbaked ingredients and the micro-
wave-baked bread, and the values for air-oven-
baked bread were lower than those for either.

No significant differences in percent carcass
nitrogen were shown among groups A, B, C, and
E. The highest value, 2.96%, was found in the
animals fed diet D, the ready-to-eat cereal. Car-
casses of these animals had a significantly higher
percentage of nitrogen—the t value when com-
paring groups D and R was 4.86. These animals
barely maintained their initial w'eight during the
experiment, and the carcasses showed very little
visible fat. This increased concentration of protein
in the carcasses of rats fed a restricted-calorie
diet was noticed by Rosenthal and Allison (1956).
They stated that the increase was probably due
to reduction of body fat and that, when calculated
on a fat-free basis, the protein was constant re-
gardless of caloric intake on either protein-free or
5%. casein diets.

Lysine excretion. Table 4 shows the amount of
lysine excreted in the feces on the test diets, as

Table 4. Lysine excretion and availability.

Lysme in diet X
ner g 71;/sme gm{le ex reted X
. o v iy D Y ) il
A. Unbaked wholewheat
bread ingredients 20 031 52 35 146 3.9 43 96
B. Microwave-baked whole-
wheat bread 20 032 52 309 147 49 33 0%
C. Air-oven-baked whole- 20 0.31 5.0 247 73.6 30.5 21.1 70
wheat bread " 250 507 205 3l 80
D. Ready-to-eat cereal 10 020 34 69 189 258 187 T4
E. Cereal to-be-cooked 10 061 100 908 108.1 121 7.0 88

"Average of 17 animals, omitting three that showed very high excretions.
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related to the lysine intake. The 20 animals fed
the unbaked wholewheat-bread diet excreted an
average of 3.9% of the lysine ingested. Fourteen of
these animals excreted 1.63+0.15% of the ingested-
lysine, so that most of the variability occurred in
6 of the animals. The animals fed the microwave-
baked bread diet excreted slightly more of the
lysine, 4.9%, an increase not statistically signifi-
cant when compared with the whole group fed
the unbaked ingredients. Animals fed the air-
oven-baked bread diet, however, excreted 30.5%.
of the ingested lysine. Three of the animals on
this diet showed high excretion as compared with
others in the group. Excluding these 3 animals,
the remainder excreted an average of 20.5%
lysine, a highly significant difference when com-
pared with excretion on either of the other bread
diets. Animals fed the ready-to-eat cereal excreted
a higher percentage of the ingested lysine (25.8%))
than did those fed the raw-oat and toasted-wheat-
germ cereal (12.1% ).

DISCUSSION

Evaluation of protein quality. The pro-
tein quality of the air-oven-baked whole-
wheat bread was significantly lower than
that of the unbaked ingredients by all cri-
teria used in this study—gain in body
weight, protein efficiency ratio, increase in
carcass nitrogen per g of nitrogen eaten, and
apparently available lysine (Table 5). The
decreases ranged from 24 to 45%.

Fermentation and baking in a microwave
oven did not significantly affect the protein
of the ingredients. The protein quality of
microwave-baked hread, diet B, was slightly
lower (1-5%) than that of the unbaked in-
gredients, diet A, by all of the tests except
gain in weight, but none of the differences
was statistically significant. Body weight
gains of the animals fed diet B were 20%
lower than those of the animals fed diet A—
a statistically significant decrease. How-
ever, the animals fed diet B ate less food
than those fed diet A. The protein quality
of the air-oven-baked bread was significantly
lower (20-32%) than that of the micro-
wave-baked bread by all methods used.

All of the methods indicated low protein
quality of the ready-to-eat cereal. Animals
fed this cereal barely maintained their weight
during the course of the experiment. The
protein efficiency ratio and the gain in car-
cass nitrogen were low, and of the lysine
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irtr)?ested about *4 was apparently not avail-

The cereal  to-be- cooked had the hrdhest
quality. protein of any_of the foods Tested
Wwhen %udged by ?arn In body, weight, pro-
tein  etficiency raflo, . and garn IN" Garcass
nitrogen,  The protern etfr rency ratro ap
Proac ed that of mil } enneY Sabis-
9?0)h Atbout lzcergf the Tysine &rnert]hrs
raw oat-Wheat germ
unavar?able Peters_et al 31947§ ?gp thay
1.2% of the lysine rnr[reste was”excreted by
rats fed a diet confaining raw oats, and
22.5% when exploded 0ats were fed.
Comparison of methods. the ex-

ception ogthe V%r of anrmals fed Jlet B

arn in body er%t was a good Index of
Protern quality. The rats fed diet B ate less

d and s0” gained less werght although

alI other criteria. the protein quality was
srmrlar to that of diet A. These data”show
that, while In many cases increase in body
werrrrht alone s a good index of protei
quaity, exceptions do occur because of vari-
ation In food infake, which should always be
taken mfo consideration.

In all groups  the increase in carcass
nrtrogen rfer g of nitrogen eaten Have no
Detter evaluatjon of the protein quafity than
dia the protein efficiency ratio, and the ge-
termination was more trme consuming. De-
termination of . varia rrt?/ within %rous
needed for statistical analysis of significant
differences among grougs IS not possrble
srnce of necessrty, carcass nitrogen at the

%rnnrng of the experiment must be esti-
ma ed, not etermrned from average values
for percent 0dy Nitrogen,

For the five roducts studrd1 a linear
reIatronshrb1 Was s own when either gain In

00y Weight or increase In carcass nrtro en
was plotted agarnst the amount of available
lysing consumed iF 1). This 1s in agree

ent with data of Calhoun et al. (1960)

AvarIabrIrt of lysine. A parent avail-
a rIrt Iysrne wa?] about 2§ -30% less In
oven haked” wholewneat brea than In the

rn redients, and little difference was found
een the rnﬁredrents and microwave-
baked bread. The apparent avarlabrlrt of
Iysrne Was caIcuIate from fecal excrétion
é/srne intake. Fecal excretion was not
corre ed for endogenous Iysine excretion.

AVAILABILITY OF LYSINE IN BAKED CEREALS

Kuiken and Lyman (1948) stated that the
correction to be applied to apparent avail-
ability, In order to 9rve true availability, was
qurte small.~ According to their data true
avar abrIrty of Wsrne In"roast beef was about
4% higher tha ap arent avararrty
Cal houn et a ) found fecal excre
tions of lysine ro wheat flour, and bread
to be reSpectively 26, 31, and 9% on a
luten basal dief, and those from wheat
our, bread, and gluten to be 24, 8, 17, and
1% on an amino aciq basal diet.” Diets' con
tained 70% wheat rour or bread, or 20%
8Iuten Total arlhl ysine excretion (13-
0 mg) was much high er on the Wwheat drets
than rn the present “study (2 o 15 m
where the diets contained 56-70% of
test protein. Calhoun et a. stated that the
id not obtain uniformly good agreemert
between available lysine“from fecal excre-
tron and from rat-growtn studies. From
t e raj- Tdrowth studies Calhoun et al. found
little difference in Iysine availability between
flour and bread: fespectively 75, 72, and

o
e}

Gain in body weight

@®
o

s o
o O
rFT 1T 17 101717 T T

Body weight in grams

)]
o

|

o

w
O
|

Gain in carcass nitrogen

n
o}
|

o
!

Carcass nitrogen in grams

t t
1.0 2.0
Grams available lysine ingested
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76% availability in wheat, flour, and bread
on a gluten basa| diet, and, 78, 80, 83, and
80% i, wheat, flour, bread, and %Iuten on
an amino acid basal dief. Perhaps the
method of determining lysine could account
for some of the differences between the
studies, since mrcrobrologrcal assays were
used by Calhoun et al. and chromatographic
\dve(trekrmrnatrons were used In the present

Clegg and Davies (1958), using chemical
methos reported that the’ ratio “of “avajl-

e lysing’ to totaI lysine in bread crumbs

s nof signi |can(s LY drffer?nt rom that In

|te our. Are ctron or 15% In “avail-

lysine” was found in the crust,

Ef ect of heat. Peters et al.  (1947)
showed_ that the onh{ essential amino acid
affected to any extent in_heat- processed 0at
protein was [ysine. Their work was hased
on  microbigl r[rrcal amino acid assays of
samples hydrolyzed with enzymes in vitro.
In“addition, ‘animal-feeding’ experiments
showed that the lysine was™ less available
In vivo, The present study shows that these
[atter frhdrn%s on oats can also be demon-

strat1 In whe ein quality in
lowered protein quality in the air-
oven-aked. pread, as evghcedyb (ecreased
rotein efficiency ratio and,
nitrogen, was assoclated wit
the apparent availability of lysine, whereas
In the microwave-baked bread, which had a
rotein. quality similar to, that of the un-
naked ingredients, the lysine was nearly as
avarIabIe as n the mgredrents Thus,” the
owered ﬂﬂa tg/ of th eprotern I oven-haked
pread could have been due at least in part,
tR the Irltecrease o 1Earlrarlabrhty tr(r)f the tIysrnef
small amount of lysine 11 the protéin o
bread dough has beerf found to be pdestro ed
baking“in hot arr—4% In th |s stud h/
1% as re ortean (Y Rosenberg and Rohden-

ur%ergnz 8 10h a5 rep orJed by

3). McDermott ‘and Pace
(195 )reported % less total lysine in bread

crumb, and 14% less In bread crust, than In
flour, w ere the crust weas 18% of the lo af
Of the | gsrne that remarns in the bread, on

part IS Pparenty available, Thus, the ufi-
aval abrlry of the Iysine Is |n addition fo its
actual aestruction.” The data of Calhoun
ct al, however, showed no difference In

arn in carcass
3 decrease In
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availability of lysine between haked bread
and the uncooked wheat and flour,

The decreased protein quality of the air-
oven-baked bread maY have been due both
fo the Ien?th of time that 1t was exposed to
heat and 1o the Intensity of the heat. The
shorter baking time In the microwave oven—
13 min, compared with 45 min in the hot-
air oven—and the presence of a tough outer
skin without browning In the microwave-
baked bread, were indications of less severe
heat treatment,

Based on criteria of orotern quality in the
present study, the data indicate that the
ready-to-eat cereal (Diet D) might have
received excessive heat treatment In” process-
Ing. This cereal, consisting of a mixture_ of
rice, wheat gluten, wheat, germ, nonfat milk

and ¥east had an appreciable amount of v-
srne hat apparently was not available.
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S

values of acetic acid

2'Y axis, Table 4 subhea

resulted in erroneous difference threshol
. Thus, all values reported as XICL3 should
four places in Summary; g._4 3, last sentence; p. 454, 1st sentence; and P'4
ings, and last sentence in Experimental Results,

a factor of
read X102 as follows: E 452,
5, fig.



RESEARCH NOTE

A New Method for Enumerating Bacteria in Frozen Egg with
Special Reference to the Transmission of
Borrelia anserina a

MILO DON APPLEMAN," ALLISON RUBENSTEIN,"

and rankin W.

This study was injtiated as the_result of
certain data’ obtained In direct microscopic
examination of frozen and liquid egg prod-
ucts that are Important components of many
frozen foods, Frozen eggs of gaod quality
handled, under excellent "processing cqndi-
tions will not contain more than one. micro-
organism per 5-20 fields. | n the OPrelrmrnerry
studies, numbers were varied and frequentl
fantastically hlr% merrtrnﬁ addrtrona studR/
A rap |d volumetric method of measurr g
%g to the mrcroscope slide 1s normally use

merrcan Public Health Association, 1958,

but the method contains well known
defecs f the pipettes used are small
enough to, measure 0.01-0.10 ml accurately
to the slide, the amount retained in the
PPette is variable and fhe volume- E)o weight
atios are not. necessarily reproducinle
In the studies made i these laboratories,
weighing a 0,01-g sample replaces the volu-
metric procedure; [f mrcroscope slides are
carefuIIy Cleaned, and num ere wrth
diamond Pornt encil, may be Used re
peatedly from esrccator stor age. The sam-
ple is Spread with a needle Over % area
of 1sq cm, dried under a Iamf) defatte
xviol, and’ stamed” in methylene blue by

1Supported in part by Grant EF-10 Division
of Environmental Engineering and Food Protec-
tion, Public Health Service.

*Department of Bacteriology, University of
Southern California, Los Angeles 7, California.

*Laboratory Supervisor, Los Angeles County
Livestock Association, Southgate, California.

617

Mclntyre ¢

usual procedures. The counts obtained were
higher with this technique_than with the
Broadhurst Paley stain. The results are

of low qual-

highly reproducible.
%g instances' ac-

. Anumber of samples of e
|ty were obtajned, In certal

large numbers  of trssue
le of frozen egg yolk, su

companied with
cells. One sam
Posedly of good” quality, was fourid o con-
ain more t an 50 Borrelia per field and a
large number of tissue cells, " In adaition to
|n catrng th e presence of Incubaor ejects
%am(n has profound . significance
|n t att rganisms correspond t0 Borrelia
ansering, responsrble for ‘spirochetosis In
fowl. In the r[)ast this disease has been as-
symed. to be transmitted by tick and mite
biological vectors, and in a pumber of out-
breaks m which these were absent the trans
migsion has been unexplained. Our labora-
tories are now mvestrgatrng the fre uency
of these or?anrsms in eﬁ and whether rn
certain insfances the chicks infected with
Borrelia, might survive and introduce the in-
fection into™a flock previously free of the
organisms.
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