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Low methoxyl pectins from lime peel

RAINI A. PADIVAL, S. RANGANNA and S. P. MANJREKAR

Summary

To %repare low methoxyl pectin (LMP% from lime peel, acid deesterification at
pH 0.5 for 9 hr at 60°C and for5 hr at 70°C; sodium h¥drOX|de deesterification
at 5°C and at pH 105 with continuous addition ot alkali for 1-2hr; and
ammonia deesterification at 25°C and at gH 105 for 23 hror at pH 11.7 for
12 hr were suitable. Such LMP had ~ 4.5% methoxyl %roups and a molecular
Welqht of 40000—0 000. Premfntanon at pH 0.5 to L5 after saponification
resulted in LMP having good gelling characteristics; precipitation at pH 4.5, as
recommended hitherto, impaired the gelling property. ,

Saponification titre values of the pectin being deesterified and a raB|d gel
test, based on the sensitivity of the Rectm to the calcium, are descrined to
follow the degree of deesterification. The gel test is also indicative of the gelling
property of the pectin.

Introduction

Low methoxyl pectin is prepared by deesterification of pectin using acid,
sodium_hydroxide, ammonia or_ pectinesterase (Kertesz, 1951; Doesburg,
1965; Towle & Christensen, 1973). Lime (citrus aurantifotia) peel Is an
important source of pectin containing_ 15—30% pectin on dry weight basis.
Procedures developed to prepare LMP having ~4.5% methoxyl, “by acid,
sodium hydroxide and ammonia deesterification™are presented in this paper.

Materials and methods

After extraction of the juice from lime, the peel is washed with cold water,
blanched in boiling watér, dried in a hot air drier and coarsely ground in a
hammer mill fitted with 1X 1cm sieve. The pectin extract”was prepared
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from the peel by the procedure of Owens, McCready & Maclay (1949). Dry
pectin was prepared from the extract by precipitation with alcohol.

Acid deesterification

Simultaneous extraction—dleesterification using HC1was carried out accordmg
to the procedure of Woodmansee & Baker (1949) under conditions of pH ang
temperature given in Table 1 using a peel: water ratio of 1:20. These experi-
ments showed that pH 0.5 was optimum for deesterification. Hence, de-
esterification_of the pectin extract and pectin solutions (1 and 4%) was carried
out at pH 0.5 and at 60, 70, 80 or 90°Cin a constant temperature waterbath.
The pH did not change during deesterification. The extract became turbid as
the methoxyl content decreased to 6% or lower. The deesterified extract was
Et?()lelql tang1 5the LMP was precipitated with alcohol at pH 0.5 or after raising
e pH to 4.5.

Sodium hydroxide and ammonia deesterification

The pectin extract or pectin solution and the alkali were precooled to the
desired temperature, and_ mixed to adjust the pH to 105 or 11.7. Particulars
of deesterification are given in Tables 2 and 3 for sodium hydroxide and
ammonia deesterification respectively, _ _

At the end of the deesterification, the pH was adjusted to 0.5 with cone. HCL
and the pectin precipitated with alcohol.

Analytical methods

Two methods were developed to measure the depree of deesterification: (3
25 ml of the sample being deesterified were pipetfed out at intervals, coole
and_the saﬁonlﬂcatmn titre value, determined as in the procedure for deter-
mining methoxyl content. In a similar aliquot, the pectin was precipitated usin
alcohol, redissolved in water and the saponification titre valug determined, (|§
Five to 10 ml of the sample containing 50—L00 m_? of pectin_were pipette
into a test tube, cooled and the pectin ﬁrempnated with alcohol. The precipitate
was washed 3-4 times with 70% alcohol to remove excess acid and redissolved
in hot distilled water, with boiling if necessary. To this hot pectin solution in
the test tube, 1—2ml of calcium chloridesolution contammq 2—4mg of
c%lmumdwas added, the mixture allowed to cool and the gel characteristics were
observed.

Moisture, ash and methoxyl were determined by the procedures described by
Owens et al. _‘1952). Molecular weight was detérmined by the viscosity pro-
cedure of Smit & Bryant (1967). For grading of LMP, gels were prepared-at pH
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3.0 with or without su?ar usm% a 1% LMP solution and 20—60 m? of calcium
er g of LMP. The gel strength was determined using a B.F.M.LR.A. JeIIK
ester at a water flow of 75ml per min and at 30° torque. The gel strengt
given in digits in the text is in terms of ml of water. _

In ammonia deesterified pectins, the amide groups were determined by the
method given in Food Chemicals Codex (,1972?. The ammonium salts in"LMP
were determined by the method of Ronchése (1907).

Results and discussion
Acid deesterification

The rate of deesterification_increased with decreasing pH. The Peel slurry
required more time to deesterify to ~ 4.5% methoxyl content than the extract
or pectin solution ‘Table 12. _ , _
ime required to deesterify the ;r)]eel slurry, pectin extract or 4%_Pect|n
solution at 60°C and pH 0.5 was shorter (8—1 hs) than reported hitherto
(lKertesz 1951; Doesburg, 1965; Black & Smit, 1972; Towle & Christensen,
973). The reaction rates were very low (Table 1).

The 4% pectin solution set to a gel as the deesterification proceeded to 6%
methoxyl or lower as observed by Hills, White & Baker (1942). With 1% pectin
solution” or the extract, a distinct turbidity was observed on' cooling to room
temperature byt not gel formation.

'he saponification value of the pectin extract or the gel test could be used as
an index of the degree of deesterification, The pectin extract bem? deesterified
contained ~ 1% pectin. The saponification titre value of an aliquot of the
extract was almost the same as that of the pectin recovered from a similar
aliquot (FI(tJ._ 1). A value of 6.0£0.2ml of 0.1 n NaOH for 25ml of the
_exttrhact cotr_l aining 1% pectin would be indicative of ~ 4.5% methoxyl content
in the pectin,

O*IN NaOH (ml) per 25 ml extract
O — N W D oo N

=T T T T T T T T
o

1 1
9 10

P Neno) 0
Figure 1. Interrelationship of saponification titre values of deesterified pectin
ex?ract ar}d C[ecovered pgctln. IOPectln recovered from deesteritied eftract;
*, Ceesterified extract
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During deesterification of the pectin extract, it was observed that on addm%
calcium directly to 5—10 ml of the extract, precipitation or Pelanon did no
occur even when the methoxyl content decreased to 6% or [ower. However,
when calcium was added at the rate of 2—4 mg to 50—200 mg of pectin (i.e.
4080 mg| of calcium per g of pectin) isolated from the extract as described
earlier, %_es or_precipitates formed depending upon the methoxyl content of
the pectin. High methoxyl pectins did not form gels. Between 5 and 7%
methoxyl content, /qela_tm_n occurred on allowing to stand for 12—24 hr, and
between 2.5 and 5% within a few minutes. Depo_lgmerlzed pectins and pectic
acids did not gel but formed flocculent precipifates. The test provides an
objective indication of the extent of deesterification, besides indicating the
functional value of LMP (i.e., gelation).

Sodium hydroxide deesterification

Without continuous addition of sodium hydroxide to maintain the pH at
10.5, the methox5y| content of the pectin extract reduced from 10.3% to
~55% in Lhrat5_10and 15°C (ITabIe 2). The pH of the deesterifying medium
lowered to ~ 9.6, Thereafter, little saponification occurred. The low reaction
rates after Lhr of saponification confirm this (Table 2). At 25°C, the methoxyl
value reduced to 452% in 30 min. o

When sodium hydroxide was continuously_added at 5°C to maintain the pH
at 10.5, the methoxyl content decreased to"5.2 and 3.2% after 1.5 and 2.5 hr
respectively and the LMP formed good ?els with gel strengths of 40 to 50.
The reaction rate was uniform during deesterification.

Adjusting the initial pH to 11.7 instead of 10.5, increased the rate of de-
esteritication and reduced the m,ethoxi/l content to ~4.5% in_15 to 20 min
at 5°C. The pH of the deesterifying extract decreased from 11.7 to 11.0. The
reaction rate was 3.6 times hlgTer than at pH 10.5 maintained constant by
continuous addition of alkali. The reaction rates found in this study are in
ood agreement with those reported by McCready, Owens & Maclay™(1944).

he activation enerqy of ~ 10000 cals per mole is Similar to the value reported
by Merril & Weeks (1946). , ,

Sodium hydroxide deesterification at pH 11.7 is as rapid as the enzyme de-
esterification” and requires rigorous control of temperature and pH to prepare
useful LMP samples.

Ammonia deesterification

The time reguwed to deestern‘g the pectin extract to 45% methoxyl at 5nH

5 decreased from 15 to 15hr as the temgerature increased from 5 to

30°C. The pH of the extract decreased from 10.5 to 10.0 with the progress of

Ei?e%tlerg;ca jon. The reaction rates increased with increasing temperature
able 3),
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At pH 117, the time required decreased further (Table 3). The pH lowered
from 11.7 to 113 during deesterification but it was not maintained constant
as in sodium hydroxide deesterification. The reaction rates were higher, but
the activation energy was lower than that at pH 10.5.

At 5°C, if ammonia is added to maintain the pH constant at 11.7, the meth-
oxyl content reduced to 4.2% in 3 hr as compared to 6 hr when the pH was not
maintained constant (fTabIe 38. The reaction rate was high and the methoxyl
contents at the end of 2.5, 3.0 and 3.5 hr were 4.5, 4.2 and 34%, and the gel
strengths were 9, 65 and 78 respectively. _ _ _

At'pH 105 and 117 and 25°C, thetime required to deesterify a 2% pectin
solution to ~ 45% methoxyl content was 1-3hr. The reaction rates were
lower than those observed for pectin extract. _ _

Ammonia deesterification of the pectin extract or the pectin solution at
25°C and pH 10.5 or 117 eliminates the cost of using refrigerated tempera-
tures required for sodium hydroxide deesterification or the high temperature
and corrosion resistant equipment required for acid deesterification. _

During sodium hydroxide and ammonia deesterification, the pectin medium
set to a gel as the methoxyl content reduced to 6% or lower. The appearance of
the gel, the Fempltatlon characteristics of the pectin on acidification to pH
0.5 Using HCL, and the nature of the pectin precipitated could serve as a guide
in determining the adequacy of deesterification. Between 5 and 7% methoxyl
the deesterified medium set to asoft gel and on acidification, the pectin id
not precipitate distinctly; between 3 and 5%_methoxYI, the medium set to a
firm gel and on acidification, the LMP precipitated leaving a clear aqueous
Ehase; below 3% methoxyl content, the medium set to a hard gel, and the
%\/IP_preupﬂated on acidification was brittle and was difficult to wash free

g
of acid.

Gelation characteristics
Acid deesterified LMP

Low methoxyl pectins prepared from peel slurry at 60°C formed stable gels
\(NThebrleasl)those prepared at 90°C under similar conditions formed poor gels

able 1),

The, LMP prepared from the pectin extract at 60 and 70°C (pH 0.5) when
Brempnated at pH 4.5 as recommended in the literature (Kertesz, 1951;

oesburg, .1965) failed to_ form stable ﬁels at 2060 mgi of calcium per g of
LMP. Addition of citric acid to adjust the pH of LMP solution to 3.0 did not
improve gelling characteristics. On washing such LMP with acidified (HCI)
alcohol to liberate the carboxylic 3roups, the gelling ability was restored. Hence
adjusting the pH of the deesterified extract to 4.5 impaired rather than improved
the gelllng characteristics of LMP. The LMP precipitated without adjusting the
pH after deesterification, i.e.,at pH 0.5 formed stable gels (Table 1). _

Deesterification of the pectin extract at 80 and 90°C, or of 1% pectin
solution at 60, 70 and 80°C yielded LMP of poor gelling characteristics. A 4%
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9ectin solution deesterifled at 60°c yielded LMP which formed stable gels; at
0°C, soft gels; and at 80 and 90°C, coagulated gels (Table 1).

Sodium hydroxide deesterified LMP

The LMP precipitated as such after deesterification had a pH of ~ 6.4 in a
1% solution, and did not form satisfactory gels at 20—60 mq calcium per g of
LMP. Addition of citric acid to, adjust thé pH to 3.0 did not aid gelation. The
LMP precipitated at pH 0.5 (acidification with HCL) on the other hand, formed
ood gels at pH 3.0 with or without sugar at 20—40 mg of calcium per g of
MP depending upon the methoxyl content (Table 2).

Ammonia deesterified LMP

The LMP samples precipitated as such after deesterification had a pH of
~ 6.4 in a 1% solution, and formed poor gels as in sodium hydroxide  de-
esterified samples. The saponified carboxylic dgrou S Were present & ammonium
salts with a small proportion (4.2%) as amides. dd|n? citric acid to adjust the
pH of LMP sol to 3.0 did not improve the gelling characteristics. The ammonium
salts could be partially or completely eliminated by controlling the pH of
precipitation but not the amides. The glgls prepared from LMP samples pre-
ugnated at pH 4.5 and 3.0 coagulated. The gels from LMP Brempnated at R/IH
15 or 0.5 were good. The gel characteristics shown in Ta f LMP
precipitated after adjusting the pH to 0.5.

le 3 are 0

Molecular weight and gelling characteristics

Among_the three % es, ammonia deesterified LMP had low molecular
weight ?39900—50 oog as compared to_ sodium hydromde deesterified
samples (69000—70003 or acid deesterified samples (56000—600002.
Nevertheless, ammonia_deesterified LMP formed gels: of higher gel streng/lh
than the other two. The molecular weights and Gelling power of the LWP
samples showed that am\rently,_the lower_limit at which gelling. was affected
varied with the type of LMP. Inacid and sodium hydroxide deesterified samples,
this limit is apparently around 50 000, In ammonia deesterified LMP, it is much
lower (arouna 30 000). This is obvious from the stable gels formed by the
LMP Prepared by deesterifying the pectin solution which had low molécular
weight (30 000-38 000).
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Fractionation and characterization of guava pectic
substances

A. H. EL TINAY, A. R. SAEED and M. F. BEDRI

Summary

Guava pectic substances were fractionated into water soluble, oxalate soluble
and sodium hydroxide soluble fractions in two canned guava cultivars as
well as in fresh samples treated with calcium chloride. The results indicated
that there is a gradual conversion of protopectin into soluble pectin which
diffuses into the syrup. _ _ ,

Guava pectic stbstances were characterized for equivalent weight, methoxyl,
free carboxyl, esterified carboxyl,_degzree of esterification, anhydrogalacturonic
acid, weight average molecular weight and ash content in the fresh fruit and in
the freshfruit treated with calcium’ions for both cultivars. Calcium ions appear
to lower free carboxyl acid content and increase the weight average molecular
weight of pectin.

Introduction

Since the nature of protopectin is unknown, the changes in pectin leading to
greater solubility are not fully understood. According fo Kertesz (1951) péctic
substances contribute to rigidity of plant tissues. They are present in the middle
lamella of a cell wall and act & cementing materialbetween cells. Changes in
pectic_ substances are responsible for the_softenlntq of fruits and other plant
materials during ripening, storage or cooking (Kertesz, 1951). PostlmaYr, Luh
& Leonard f(19 6) reported that firmness of clln%stone eaches is refated to
retention of protopectin. Hoose, Leonard & Luh (1956) showed that con-
version of protopectin_to water soluble pectin is responsible for softening of
apricot during maturation, and that the quality of canned apricots was related
to the maturity of the fresh fruit at the time of canning. They also reported
that the concéntration of water soluble pectin in canned apricots increased
as the pressure test of the fresh fruit decreased. Dastur (1963). reported that
harvest matur|t¥, application of growth regulators and processing time were
not important factors contributing to excessive softening in canned apricots.

Authors’ address: Department of Biochemistry, Faculty of Agriculture, Shambat, Sudan.
0022-1163/79/0800-0343$02.00 © 1979 Blackwell Scientific Publications
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He observed, however, the 1p_resence of calcium oxalate crystals in the cells of
severely softened canned Tilton apricots. A correlation between changes in
solubility of pectin and changes in solubility of calcium led Doesburg (1957)
to suggest that solubilization of pectin during ripening of apples may be caused
by movement of calcium in the cell walls in response to' changes in pH and
organic acids. Complete characterization of pectin substances was considered
necessary by McComb & McCready (1952) for controlling the texture of
fruits and vegetables during processing and storage. _ _

In the présent study, guava ?ectm substancés were fractionated into water
soluble fraction, oxalate soluble fraction and sodium hydroxide soluble fraction
in_canned guava slices from two guava cultivars during storage; also fraction-
ation was done on the fresh fruit from both cultivars after dipping in 1%
calcium chloride solution. Guava pectic substances were characterized for
molecular weight, free, esterified and total carboxyl group content, methoxyl
content, equivalent we_lgiht and anhydrouronic acid content. The purpose was
to determine the variations in these characteristics in relation to textural
properties of the two guava cultivars.

Materials and methods

White and pink cultivars grown on Elsawhili Orchard near Khartoum were
harvested at canning ripeness. Theg were used to study the effect of calcium
jons on ?uava pectic substances. Calcium chloride was added to the syrups
equivalent to 0, 100 and 200 ppm as calcium durm%the canning process.

The canning was done in the pilot plant of the Food Research Centre,
Shambat, Khartoum North. Green and overripe fruits were removed before
canning. The guava fruits were washed with cold tap water and then peeled,
sliced and the seeds removed by hand using a stainless steel knife. The guava
slices were processed in one pound cans made with differential electrolytic
tin plate, The fill weight was £75 £ 0.5 g slices and 200 £ 0.5 g 25° Brix sgrug
made with sucrose and distilled water as added to maintain a headspace of 6/1
to 7/16in. The cans were sealed in a double seamer machine under a vacuum
of 16 in Hy and heat processed at 180°F for 10 min. The cans were cooled
under tap water, and stored at 68°F. For analysis a representative samgle Was
obtained by taking the contents of four cans which were drained on 8 mesh
B?re%n and” the syrup thus obtained was mixed and the slices blended in a

ender,

Pectic substances were extracted from fresh slices without the addition of
calcium chloride, from fresh slices dipped in 1% calcium chloride solution for
Lhr, from canned stored guava slices and syrups and were fractionated into
water soluble, sodium hydroxide soluble and ammonium oxalate soluble
pectin, SyruB (169% or_slices (2 g? were weighed into a 50ml graduated
centrifuge tube and hot 95% ethanol was added to a volume of 40ml and the
mixture was heated for 10 min in a water bath at 85°C with occasional stirring
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with a glass rod, The stirring rod was then rinsed off with 95% ethanol, the
volume of the mixture made Up to 50 ml in the tube centrifuged at 3000 rev/min
for 15 min and after decanting the sugernatant solution was discarded. Five ml
of distilled water was added to the tube and the precipitate was dispersed with
a rubber coated glass rod. The contents were made up to 35 ml with distilled
water and then “stirred vigorously for 10 min. This was accomplished by
bubbling_ air through the mixture in the tube. The volume was increased to
40ml with distilled water, centrifuged at 2300 rev/min for 15 min and the
liquid decanted into a 100ml volUmetric flask. The water extraction was
rePeated and after centrifugation decanted into the same volumetric flask. Five
ml of 1N NaOH were added to the water extract and diluted to volume, then
mlxte_d and left for 15 min before colorimetric determination of water soluble
ectin,

: To the residue in the centn_fugze tube 5ml of 0.75% ammonium oxalate
solution was added and the precipitate was dispersed with a rubber coated glass
rod. The contents were made up to a volume of 35 ml and stirred wgorously
and continuously for 10 min as described above. The volume was made up t0
40 ml with oxalate solution, centrifuged as before and decanted into a 100 ml
volumetric flask. The oxalate extraction was repeated, centnfuged and (de-
canted into the same 100 m| volumetric flask. Five ml of 1N NaOFI was added
to the oxalate extract and diluted to volume, then mixed and left to stand for
15 min before colorimetric determination of oxalate soluble ﬁectm.

The residue remaining in the centrifuge tube was washed into a 100 m|
volumetric flask with 5ml of 0.05N NaOH; 5ml of 1N NaOH was added and
the contents were made to volume with distilled water, then mixed and left to
stand for 15min with occasional stirring and filtered before colorimetric
determination of sodium hydroxide soluble pectin. o

Pectin content in the “extracts was determined colorimetrically by the
carbazole method described by McComb & McCready (1952) and McCready
& McComb (1952)r.

The method of Gee, McComb & McCready (1958) was used for the pre-
paration of the marc from each cultivar which was obtained from the U|8
of the fresh fruit by extraction first with 95% ethanol,_acidified ethanol (75
ml of 95% ethanol plus 200 ml of hydrochloric acid), 70% ethanol and finally
washed with acetone. The marc was dried at room temperature, ground and
passed through 40-mesh. _ _

Free carboxyl content was determined by taking a 0.5 g sample and 5 ml
95% ethanol were added to ensure complefe wetting of the exposed surface.
The product was mixed with lﬁ of reagent_?rade NaCl and 100 ml of distilled
water stirred wﬁorousl , and the free acidity determined by direct titration
with 0.LN NaOH to pH 8.0. A blank containing the same quantities of the
realgents was sed. o _ _

or esterified carboxyl content determination, to the neutralized suspension
obtained above, 10ml of 0.5N NaOH were added. The mixture was stoppered
and held for 30 min at room temperature to saponify the methyl ester groups
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in the pectin. After saponification 10ml of 05N HCL were added and the
m|xturteb\|/vaskt|trated to pH 8.0 with 0.L N NaOH. The titre was corrected for
reagent blank.

‘?he_ results presented in Table 4 are on a moisture and ash free basis.

Moisture and ash were determined according to the AOAC (1960). The
method of Owens et al. (1952) was used for viscosity determination. Intrinsic
viscosity was calculated according to the formula from Doesburg (1965).
nght-average mol. wt was determined from intrinsic_viscosity data accordin
to the equation N = 1.4x 10~6M 134, where N is the intrinsicviscosity and
is the molecular weight. Results presented were the average of at least three
separate determinations that agreed well with each other.

Results and discussion

Tables 1, 2 and 3 show the water, oxalate and sodium hydroxide soluble
pectins in canned guava slices, syrup, fresh slices and fresh sfices treated with
calcium chloride for the two guava cultivars. _

_From Tables 1 and 2 it is clear that the water soluble pectin of the canned
slices from_both cultivars decreased during storage while in the canned syrup it
increased. The rate of decrease in slices and rate of increase in syru]p was much
slower in samples receiving calcium salt than in the controlS. The sodium
hydroxide soluble pectin in canned syrup from both cultivars was low and
rémained constant while it decreased”in slices during storage. The rate of
decrease of sodium hydroxide soluble, pectin was much_slower in samples
receiving calcium ions” than those recewmgi_ no calcium. The oxalate soluble
fraction of canned slices and srrulp showed slight increase during storage,

The sodium hydroxide soluble pectin represents the protopectin fraction
which is gradually converted to water soluble pectin inthe guava tissue during

Isglge) 1 Water, oxalate and sodium hydroxide soluble pectins of canned guava slices (mg/

Control 100 ppm CaCl2 200 ppm  CaCl2

toragetime H20  Oxalate NaOh h2o  Oxalate NaOH H20  Oxalate NaOH
IagE™e Cihe o 190, Bt ke NOH, a0, Jte Mk

(a) White cultivar

erotime 625 115 500 275 22 45 500 115 6.5
4 300 1L 300 250 2.38 4.2 400 14 50
A - s R
(b g’rlg Iﬁ%leltl\éags 0 9% g 28 550 104 450 425 113 625
i 300 14 50 400 T4 400 400 145 500
A« I
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Table 2. Water, oxalate and sodium hydroxide soluble pectins of canned guava syrups
(mg/100)

Control 100 ppm CaCl2 200 ppm CaCl2

?tora eSime H?[O Oxaﬁte NaOH H%O Oxalz1te NaOH H20 s%)l(ai){ite Nz?OH

months)  soluble soludle soluble soluble soluble soluble soluble e soluble
a) White cultivar

Ty AEIEEEY
1 750 0./ I 4. Z 15 Z 11 11

13 27.58 a0 2050 104 0.7/ 15.08 150  0.70
b)_Pink cultivar

()Zerotime 500 030 082 400 050 1% 4.28 0.50 2.28

4 1.58 0.60 888 1700 080 120 1600 100 22

7 250 061 07 17.38 083 125 1625 104 200

13 2150 071 077 1790 093 104 1750 114 255

storage. Then, the water soluble pectin diffuses from the tissue into the
surrounding syrup causm% an increase in the water soluble fraction in the
syrup and a decrease_in the slices. Addition of calcium appears to inhibit the
diffusion of the pectin from the tissue into the syrup. The lower rate in the
decrease of sodium hydroxide soluble pectin in canned rquava slices receiving
calcium ions may he due to the_Unkgn? of the carboxyl groups in the poly-
alacturonic_acid units with calcium info more complex ty[)es of structures.
englein (1947) postulated that protopectin is formed by the association of
polygalacturonic acid chains among themselves, and perhaps even with cellulose,

o e

CalClu

h? Oxalate  NaOH
solt?ble soluble so?uble

Fresh white slices 8.7 2.25 5.00

control

Frestﬁ whi_t%slices 4.75 4.65 6.25
ggftated with calcium

Fresh pink slices 400 125 500
cont

ol
ook sices. 250 250 575
ngtate with calcium
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Table 4. Chemical analysis of marc prepared from guava cultivars

A B c D
Wy i " 98 3 13 §:§9
Equivalent weight 2181 3039 3173 313
Frecfarg%/xi)%ro%p g 06 0B i Ui
Esteritied car group (Mmeafg)  1.04 0.88 1.83 1.09
Total car o>{yl ﬁ; ou[p % eq/g) 150 131 165 141
Y U W
AUR 04 A | S T

A =marc from fresh white slices

B = marc from fresh pink s|ices
C = marc from l(:‘bl&/i k slies after treated with CaCl
D =marc Irom resh Hlte slices gtfeter treated wtltt% C?IZ

exclusively through calcium Imka%e. Postimayr et al. g1956)_reported firm-
ness in clingstone peaches is related to the retention of protopectin; the relation-
ShIP between calcium, pectin quality and texture appears to be applicable to
both peaches and guavas. The increase in oxalate soluble pectin in samples
receiving calcium ions may be explained by the formation of calcium oxalate
_resultm% in the removal of calcium ions, which otherwise would be involved
in complexing with polygalacturonic acid units (Khayat, l964)f. _

Similar trends were” observed for fresh guava slices and fresh guava slices
treated with calcium salt (Table 4). There is an increase in sodium hydroxide
and oxalate soluble pectins and a decrease in water soluble pectin as a result
of addition of calcium chloride. _ _

In Table 4 the equivalent Welqht for the four pectin marcs varied from
2181 to 3173 which is considerably higher than the range of values reported

Table 5. Relative, specific, intrinsic viscosity and molecular weight of pectin extracted from
guava marc

. . Intrinsic

_ oncentration  Relative ~ Specific  viscos
Cultivar &JIIBOgS viscosity vscosfty dlg y Mol. wt
Marc from fresh 01 1.02 0.02 0.20 7.03 x 10
white slices
I\{I%rkcsfl{ggg fresh 01 1.04 0.04 0.40 11.80x 10
i kcsflrgem fresh 01 1.05 0.05 050 13.90 x 10:
reateff w?th Cl2
Marc from fres 01 101 0.01 0.10 420x 10

nite slic
Heated it a0l
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by Saeed, El Tinay & Khattab ‘197_5) for marcs from three varieties of mango
fruit. Addition of"calcium resulted in increase in equivalent weight. The meth-
oxyl_content is an important factor in evaluating the setting time of pectin,
sensitivity to polyvalent cations and their usefulness in lowsolids gel, films
and fibres. The methoxyl content in the fresh untreated slices was 3.23% and
3.03% for white and pink cultivars respectively. Sinclair & Grandall (1949)
reported a methoxyl content of 5.72% for grapefruit peel pectin. The free
carboxyl grouE_ content was 0.46 meq/g and 0.33 meq/g for fresh untreated
slices from white and pink cultivars respectively. Addition of calcium_ions
caused a decrease in the free carboxyl giroup content in both cultivars. Total
carboxyl content was higher in the white cultivar compared to pink cultivar.
This is"attributable to the higher degree of esterification of pectin in the pink
cultivar (74.8%) compared to that in the white cultivar (69.3%). The anhydro-
uronlct_amld (AUA) content was 26.4% and 23.1% in the white and pink cultivar
[ESPECLIVELY. . . o .

able 5 shows the relative, sp_emﬁc and intrinsic viscosity and weight average
molecular we|1ght of guava Pec In. Intrinsic viscosity was 0.20, 0.40, 0.50 and
0.10 dl/g for tresh white slices and fresh pink slices, pink slices treated with
calciumand white slices treated with calcium respectively. The weight averagze
mol. wt of pectin obtained from fresh white slices, fresh™pink slices and white
and pink slices treated with calcium was 7.03 x 103, 11.8X 103, 4.20 X 103
and 13.90X 103. The lower mol. wt obtained for the white slices treated with
calcium could be due to the lower ash content in this sample (Table 4).
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Retention of volatiles during freeze drying of tomato juice

L. N. GERSCHENSON, G. B. BARTHOLOMAI
AND J. CHIRIFE

Summary

The present work studies some factors affecting volatile retention dur|n%
freeze drying of tomato juice. 14C-labelled butyl acetate was used as a mode
volatile. The variables studied were initial solids content, freezing rate, initial
volatile concentration and sample thickness. _ _

The observed effects of initial solids content and freezing rate on volatile
retention conformed to expectations. Thickness of samples was also a factor
in volatile retention, but the results here obtained did not appear to be easily
explained by current retention theories. The retention was found to be approxi-
mately constant for most of the range of initial volatile concentration studied.

Adsorption —desorption experiments demonstrated that adsorption does
not constitute a mechanism of butyl acetate retention in freeze dried tomato
juice.

Introduction

Much attention has been paid in the last decade to the behaviour of organic
volatiles during freeze drym% of liquid foods. This area has been compre-
hensively reviewed by King (1971), Bomben et al. (1973),_and, more recently,
by Karel &Flink (1974), King& Massaldi (1974), Flink (18754, h), and Thijssén
E975). From the results obtained, either on ‘model or real food systems, it
ecomes clear that the retention of the volatiles depends Iar?elx on the
properties of the solute which forms_the amorphous matrix of the freeze
dried solid. Although the exact retention mechanism is not yet known, two
mechanisms, based on selective diffusion Ig,mij(seen & Rulkens, 1968; King &
Chandrasekaran, 1973) and microregions (Flink & Karel, 1970, 1972) respect-
ively have been proposed with considerable success. A third mechanism, namely
adsorption (Rey & Bastien, 1962), has been shown (Chirife & Karel, 19734,

Authors’ address: Departamento de Industrias, Facultad de Ciencias Exactas y Naturales,
Universidad de Buenos Aires, Ciudad Universitaria, Nufiez 1428 Buenos Aires, Argentina.

0022-1 163/79/0800-0351 202.00  © 1979 Blackwell Scientific Publications
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1974: Bartholomai, Brennan & Jowitt, 1974B to make only a minor contri-
bution to total volatile retention in various systems. o _

Solubility of the organic volatile may also play a role in its retention be-
haviour. Upon freezing, highly soluble volatiles, stich as methanol or acetone
remain homo_?_eneously dissolved in the concentrated liquid, but volatiles of
limited solubility may“become insoluble and are retained in the form of drop-
lets (Flink & Gejl-Hansen, 1972; Flink, Gejl-Hansen & Karel, 1973). Massaldi
& King (1974a, b) developed a quantitative model to account for the retention
behaviour of volatile organic substances at levels of concentration both below
and above their limit of solubility.

The proposed retention mectianisms are based on data collected from freeze
dried solutions_ containing hoth simple solutes (mostly carbohydrates) and a
variety of volatile compounds. Real systems turned out'to EIVG complex results,
whichi in some cases were conflicting, as reported by Flink (1975a) in a study
on volatile retention in freeze dried tomato juice. _ _
~In the present study, the retention of butyl acetate in freeze dried tomato
juice is characterized. The results are compared with those obtained by several
workers from a wide variety of systems in order to elucidate the mechanism
responsible for the retention”of volatiles in freeze dried liquid foods.

Materials and methods

The system studied consisted of freeze dried tomato juice, 14C-labelled butyl
acetate and water,

Preparation of tomato juice

~ Tomatoes were washed in cold water and Reeled._ They were cut by hand
into 2—3 mm thick slices and pressed in a home Juice maker. The Treshl
squeezed juice was frozen in a cold chamber at —20°C during 24 hr, thawed,
and filtered through filter paper (Whatman, qualitative 4) under suction. The
freezing-thawing cycle allowed collection of a clarified colourless juice upon
filtration. The juice so obtained was frozen at -40°C and freeze dried with
unheated plates. o _ _

The systems were prepared by dissolving the desired amount of freeze dried
tomato Juice in distilled water and adding 14C-labelled butyl acetate. The
following initial concentrations were usual: tomato solids 7%, 14C-butyl acetate
0.01%, water 93% (wiw).

Freeze drying

Aliquots of the above solution were pipetted into 50 ml Erlenmeyer flasks,
frozen as specified below and then freeze dried for 48 h with unheated plates
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and at a chamber pressure of less than 0.1 Torr in a Stokes freeze drier (Model
902-1-8). The volume of solution and resultant sample thickness were varied
in some experiments as noted under ‘Results and Discussion.” Samples were
frozen as slabs in the flasks by one of two methods: ‘fast’ freezing was accom-
?Ilshed either by immersion of flasks in liquid air or in acetone- r% ice; ‘slow’
reezing refers t0 placing the stoppered flasks on a tray freezer at -40°C.

Butylacetate analysis

_ Rea%ent grade butyl acetate was mixed with 14C-labelled butyl acetate to
give the desired spécific radioactivity. The radioactive hutyl acetate was
obtained from the Comision Nacional de Energia Atomica. The butYI acetate
content was determined by measuring the radioactivity of the samples with a
liquid scintillation counter’(H. Packard, Model 574) and subtracting the hack-
ground noise. For the determination the freeze dried samples were dissolved
In water to its initial solids concentration and 1ml of this solution was added
to 10 ml of water miscible scintillator (DMPPO 0.15 (%1 PPO 3.5 g, naphthalene
50 g and dioxan 500 ml) in the cpuntln%wal. The volatile retention is expressed
as a percentage of the initial volatile content.

Adsorption in layered system

Samples were prepared by freezing alternate IaYers of a solution containing
volatile and layers of a solution without volatile (Chirife & Karel, 1973a).
After freeze drying, the layers were separated for individual volatile analysis.

Adsorption—desorption experiments

Adsorption was carried out at 27°C by placing 50 ml Erlenmeyer flasks
with freeze dried tomato juice in vacuum desiccators over a dilute solution of
14C-butyl acetate in a non-volatile solvent (oleic acid). For the desorption
experiments the volatile-containing solution was replaced by activated charcoal.
Volatile retention in this experiment is expressed as a percentage of the initially
adsorbed volatile after a given evacuation period.

Results and discussion

Current theories on volatile retention P:re_d_lct that increasing the solids concen-
tration _increases volatile retention (Chirife, Karel & Flink, 1973; King &
Massaldi, 1974). Figure 1 shows the ‘effect of initial solids concentration on
retention of butyl acetate. The fractional retention increased with solids
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100~

80

60—

Volatile retention (%)

40—

1 1 | 1 1 1 |
0] 2 6 10 14

Initial solids content (%)

Figure 1, Effect of concentration of soljds on volatile retention during freeze
drying of fast’ grozen tomato juice. Inltlal ut)ﬂ acetate content:O.Ol%gJ

concentration within the range of concentrations studied, in agreement with
thegry. Higher concentrations (above 12%) of tomato solids were not used to
avoid'the risk of collapse durm% freeze_drylnF. _ _
Various studies on the effect of initial volatile concentration tended to show
that the fractional retention decreases with increasing concentration (Flink &
Karel, 1970 Chirife et al., 1973; Chirife & Karel, 1973b; Chirife & Karel,
1974; Bartholomai et al.,, 1975). According to the microregions theory (Flink
& Karel, 1970) it is expected that as the volatile concentration. decreases the
fractional retention would increase, approaching a maximum. King & Massaldi
(197_4?] attributed the above behaviour to either or both of two phenomena: (a)
at higher concentrations of volatile the squ_b|I|tY limit may be surpassed durmg
freezing, giving droplets with lower fractional retentions and Fb), dissolve
volatiles can exhibit a plasticizing effect in the concentrated solutes matrix,
which would increase the diffusion coefficient leading to a decrease in retention
as the initial volatile concentration increases. _ _
Flgi_ure 2 shows the effect of injtial butyl acetate concentration on volatile
retention in slowly frozen and rapidly frozen tomato juice. It can be seen that
for hoth systems™ the fractional reténtion may be considered approximately
constant for most of the range of volatile concentration studied, but appears
to decrease at very low volatile concentration, However, additional data at very
low initial volatile toncentration would be needed to assess whether the decrease
in volatile retention at low volatile concentration is, in fact, real. Table 1 shows
some of the results of a literature review of the effect of increasing volatile
concentration on fractional volatile retention. It can be seen that in various
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100~
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Volatile retention (%)
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Intel CorErraton Of aletle (ppamy. 100
Figure 2. Effect of initial butyl acetate content on, retention during freeze
Pﬁm of ‘slow’ frozen and ‘gs froz)en tomato juice (/% SO|ICE). g, Slow

ezﬁ]g; 0, ?ast freezing (acetone-éry ice

1 |
6] 200

systems volatile retention increases with _mcreasmq volatile concentration,
this behaviour peing o Rosed to that predicted by theory. Volatiles showing
this behaviour included highly soluble compounds, such as acetone, and com-
?oun_ds of limited solubility, which are_known may become insofuble upon
reezing, such as butanol (Flink et al., 1973). _
Comparison of hoth curves in Fig. 2 (slowly frozen and rapidly frozen)
shows, that, at all volatile concentrations, slow freezing resulted In higher
retention than rapid freezing. This behaviour conforms to” expectations (Flink
& Karel, 1970; Chirife & Karel, 1974% _
F|%ure 3 shows the effect of thickness of the sami)le on retention of butyl
acetate in freeze dried tomato juice, as compared with the results reported bK
Flink (1975a) for alcohol retention in freeze dried canned tomato !ume. Bot
systems show that retention increases with increasing thickness of the sample.
his striking result is not in agreement with most ‘of the results reported to
date and does not conform to the predictions of either the microregion or the
selective diffusion theory. If freeze drym% Is conducted in such a way that
external resistances control it, retention should he independent of pieCe size
(King, 1973). However, no explanation can_be given for increased retention
with™increasing sample thickness. Flink (1975a) suggested that his results on
freeze dried canned tomato juice may be explained by the fact that the thicker
layers are subjected to a lower rate 0f freezing, thus‘improving retention. This
may be a reasonable explanation but it is Strange that this effect resulting
from a balance between a lower rate of freezing and a lower rate of drying,
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Figure 3, Effect of sample_ thickness on_ butyl acetate retention during freeze
drying of tomato juice (7% SO|IdS%. Initial butyl acetate content = 0.01%, 0
s':tu%?)n in acetone-dry ice (present study); +,” frozen in liquid air (present
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20 (1975q)

should only be apparent in tomato juice and not in the wide variety of model
and real food systems shown in Table 2. It can be seen that with the exception
of the tomato ‘systems, the behaviour of which is not clearly understood, all
others showed a decreased retention with increasing sample thickness.

_ Readsorption of but>{l acetate in dry layers of tomato juice was mveshqated
in an experiment with layered systems conducted as described in ‘Materia] and
methods’. The composition of the systems for these experiments was fixed:
solids 7% (w/w) and butyl acetate (0.01%. After the standard cycle of freeze
drying the ‘layers were séparated for butyl acetate analysis. No but%/I acetate
was found in IaYe[s orlgmallg not containing any. This indicates that no re-
adsorption of volatile ocCurred during freeze drying. .

Adsorption—desorption of butyl acetate was sfudied as follows. Samples of
freeze dried tomato juice were placed in vacuum desiccators over butyl acetate-
oleic acid solutions” of different volatile concentration. Although the partial
pressure of the volatile in the head space was unknown, it may De considered
relatively small in view of the low molar fraction of butyl acetate in the liquid
phase. Table 3 shows the amount adsorbed by the tomato solids and the
retained volatile (expressed as a percentage of the amount originally adsorbed)
after subsequent evacuation., It can be seen that the adsorption of buty| acetate
is completely reversible. This lack of any strong adsorption further'indicates
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Table 3. Adsorption—¢esorption of butyl acetate in freeze dried
tomato Juice

Butyl acetate cone, Volatile adsorped* ~ Volatile retention!
In ofeic acid solution ~ ppm (dry basis) 0
(molar fraction)

i i |
8111% 1595 3.88
*after 48 hr at 27°C

t after 48 hr evacuation at 27° C; retention expressed s a percentage
of the amounﬁ originally adsorbed

Aadditional evacuation decreased the retention to (%

that adsorption is not a mechanism of butyl acetate retention in the system
studied here.

Conclusions

The results of the effect of solids concentration and freezing rate on butyl
acetate retention in freeze dried tomato juice conform to the predictions of
the microregion. and the selective diffusion theory. However, the results of
the effect of thickness of the sample on volatile fetention is contrary to the
predictions of the above theories. Although the data on the effect of initial
volatile concentration need further investigation, this apparently ‘anomalous’
behaviour has also been found in a number of literature results.

A theoretical explanation of this behaviour remains to_be done.

It is demonstrated that adsorption does not contribute to butyl acetate
retention in freeze dried tomato juice.
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Thermal diffusivities of some unfrozen and frozen
food models

F. V. ALBIN, K. BADARI NARAYANA, S. SRINIVASA MURTHY
and M. V. KRISHNA MURTHY

Summary

Using an experimental plate freezer, the time-temperature histories of some
food models and food products are measured during cooling in the unfrozen
state and hea_th inthe frozen state. These time-temperature curves are matched
with theoretical predictions using a nonlinear estimation techmque to yield the
thermal_diffusivity data. Thermal diffusivities of food models of different
comtpgs||t|?rhs, mashed potatoes of different moisture contents and of shrimps
are tabulated.

Introduction

A broad range of thermophysical properties are covered by food products
because of the wide variation in their comPos_|t|on, structure and texture. A
knowledge of thermophysical property data is useful in the prediction of
thermal processing characteristics, i the design of processm? equipment and
in controlling the quality of the products during a thermal operation. The
thermoph><;|cal prcg)emes of many food products are available in the literature
gashou achon & Touloukian, 1972; Tressler, Van Arsdel & Copley, 1968;

HRAE, 1972: Hill, Leitman & Sunderland, 1967).

In this paper, the thermal diffusivities of some food models and foodstuffs
such as mashed potatoes and shrimps in unfrozen and frozen states are given.
Even though food models are extremely useful in making studies on specific
thermal processes and also in ascertaining the accuracy of mathematical pre-
dictions, there is a lack of data on the thermal properties of food models,
Hence, food models of various compositions are chosen as test specimens and
the effects of product composition on the thermal diffusivity of foodstuffs
are studied. Experimentally determined COO|IH% curves for the unfrozen
products and heating curves for the frozen products are matched with the
authors’ theoretical model (Albin, Srinivasa Murthy & Krishna Murthy, 1976)

Authors’ address: Refrigeration and Airconditioning Laboratory, Department of Mech-
anical Engineering, [ndian Istitute of Technology, Madtas 600 036, India.

0022-1163/79/0800-0361 ?02.00 © 1979 Blackwell Scientific Publications
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using a nonlinear estimation technique (Badari Narayana, 1976) to obtain the
thermal diffusivity data.

Materials and methods
Test specimens

Food models were prepared from agar, cane sugar, soluble starch and water,
The required proportion_of ingredients are poured into hot water at 70°C
and allowed to boil for 5min with continuous stirring to obtain a consistent
paste. The food model isthen poured into a rectangularmould (200 X 150 mm)
of 15 mm_ thickness in_which calibrated copper-constantan” thermocouples
(0.1 mm_diam.) are held in predetermined locations by taut threads and allowed
to set. These specimens are transferred to a desiccator containing water and
kept in a thermostatic bath to attain temperature equilibration prior to testing.

Fresh potatoes from the same lot are used for the investigations. These are
cooked, cooled, peeled and mashed into a purée. The reguwed quantity of
water is added and the mixture is beaten, to achieve a good consistency. The
paste is poured into rectangular moulds in which copper-constantan thermo-
couples are held in position with the help of threads. A small sample of the
paste is W_EIPhed and dried in a vacuum oven to determine the moisture content.
Commercial frozen shrimps of the peeled and deveined variety are thawed in
water at 0°C and are arranged in the rectangular mould with thermogcouples in
position. After the Ozoroduct occupies the required_thickness (15 mm), water is
added to the mould to completely fill the voids in between the shrimps. This
method is similar to that practised’in commercial freezing of shrimps.

Experimental investigations

A schematic diagram of the experimental plate freezer including the. instru-
mentation is shown in Fig. 1 The temperature of the secondary refru};erant,
.., ethylene glycol solution, in the bath can be thermostatically controlled to
an accuracy of £0.1°C. The freezer plate has speC|aII_¥ des;Pne pathways for
circulating “the secondary refrigerant to ensure uniformity of temperature
over the Surface. The test specimen which has been egmhbrated to a known
initial temperature is transferred quickly on to the freezer plate. The free
surface of the product is covered with® 50 mm Thermocole Insulation. The
secondary refrigerant is circulated through the freezer plate. The temperatures
at various locations across the product, and the plate and refrigerant tempera-
tures are recorded on a_Potentmmetnc recorder, After the product is com-
pletely frozen and a uniform low temperature is attained, the refrigeration
system Is switched off, The secondary refrigerant is gradually heated and the
heating curve of the frozen productis recorded. The reproducibility of the
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Figure L Schem%tlc diagram of the freezing set-up. 1, Refr_lgeratlon dcom essor,;
2 .fondenser; 3, heat ex anﬁe[];4, expansion valve; o, disfri Ftor evaporator
coil: 6, stirrer; 7, immersion heater, 8, dimmerstat and relay; 9, tem «irature
controller: 10, tem;t)erature sensor; 11, %(chol temp?raturet ermoco ge; 12,
8reC|3|on thermometer; 13, insulated gin , 14, circulation pump; 15, _r%ulator
alve; 16, freezer Oplate' 17, food product: 18, thermocouple connections; 19,
temperature recorder; 20, orifice plate; 21, inclined tube mahometer.

exloerimental results are found to be within £ 1% of the measured temperature
values.

Evaluation of thermal diffusivity

Out of the complete time-temperature hlstor% obtained experimentally,
the precooling of the unfrozen product and the | eatjn%_ curve of the frozen
?roduct are utilized to evaluate the thermal diffusivities in unfrozen and
rozen states of the product respectively. These temperature profiles are
matched with the apRropnate theoretical profiles obtained from the analytical
model proposed by the authors (Albin et al., 1976). Though this model has the
limitation that fréezing occurs at a fixed temperature, this will not affect the
Present evaluation because the portions of time-temperature curves required
or_matching does not involve the phase change period, o

The method used here is based on the theory of least squares for iterating
upon an initial guess value of Fourier number r. For each iteration, the
correction for the assumed value of r is computed from the condition that
the sum of the squares of the deviation between the experimental and calcu-
lated temperatures at different locations inside the product given by the
following objective function should be a minimum:

F(Tm)= 0 [Oc,n(r) - oen <y 24T (1)



364 F. V. Albin et al.
where the Fourier number r is defined as

T = ott/a2 (2)
and the dimensionless temperature 9 is defined as
B=(T-TO)KTI-T0) (3)

In the above equations, the various quantities are

p = no. of thermocouple locations inside the product
t = time, hr

T = temperature, °C

a = Product half-thickness, m

a = thermal diffusivity, m2 hr

and the various subscripts are

maximum value of time
thermocouple location
calculated

experimental

reference

initial

The minimization of the objective function is achieved when its partial deri-
vative with respect to the unknown parameter is equal to zero. This yields the
relation for the correction At to be applied to the guess value of r. The theor-
etical profile is evaluated at the new value of r and the above procedure is
refoeated till a preset accuracy criterion is satisfied. US'”P the converged value
of r, the diffusivity is evaluated from eqn (2). The defailed theory, compu-
tational procedure and error analysis are recorded elsewhere (Albin, 1978).

I—‘O('DO:B

0-9

0-8

)
@

0-7 R=0-83 R=0-17

Theoretical curve:
Experimental points: O A

2
0-6} Numerals designate the iteration number 2

0-5 | | | | | | 1 [
] 0-2 0-4 0-6 0-8 I-0 -2 -4 -6 1-8

Figure 2. Thermal properti/ evaluation by matching theoretical and experimental
cllérves: Unfrozen product, 3 agar, 100" water; shape: slab; half-slab thickness
mm.



Thermal diffusivities offood models 365
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Theoretical curve: -
Experimental points: e} A
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Fiqure, 3. Therwel property evaluation”hy matching theoretical and experi-
m t% CUIVES: E]r%zé% Sro%ct. a! agar, 100 water; sﬂape: s%b;?]al?psqab tRch
ness Tomm
~ The process of seqéuential matching of the analytical and experimental data
IS illustrated in FI?S and 3 for the unfrozen and frozen products respectively

for two different Tocations inside the product. In the above figures, the dimen-
sionless position R is defined as

R=rla (4)
where, 1 = position vector, m. _ o
In all the cases investigated, the desired accuracy of 0.0001% deviation

between the assumed and the calculated diffusivity could be achieved in five
to ten iterations.

Table 1 Thermal diffusivities of some food modkls

o] |

Unfrozen product Frozen product

Composition Mean temp. ax 103 Mean temp. ax 103
(by weight) (°C) (m2hr'l) (°C) (m2hr'l)
Agar : starch : water

3:0:100 15 0.53 -10 2.22

3:5:100 15 0.50 -10 2.13

3:10: 100 15 0.48 -10 1.98

3:15:100 15 0.46 -10 145
Agar : sugar : water

3:0:7100 15 0.53 -10 2.22

3: 15100 14 0.49 -13 1.35

340 : 100 12 0.47 -15 0.61

3:65:100 12 0.45 -15 0.59
Agar : sugar : water

30157100 14 0.49 -13 1.35
45 15100 14 0.46 -13 0.75

6:15:100 14 0.45 -13 0.72
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Table 2. Thermal diffusivities of some frozen food products

Unfrozen product Frozen product
Mean temp. ax 103 Mean temp. ax 103
Product (°C) (m2hr'1) (°C) (m2hr't)
Mashed potatoes of
moisture content
wet basis
=0. 15 0.30 -10 1.07
=0.75 15 0.36 -10 131
=0.80 15 0.37 -10 1.85
=0.85 15 0.41 -10 1.96
Shrimps, peeled
and deveined of grade
=200/300 10 0.50 -10 3.19
= 300/500 10 0.44 -10 2.16

A precise method of estimating uncertainties in experimental results as
presented by Kling & McLintock (19531 IS used here for making an error
analysis. 1t "is estimated that the “overall uncertainty due to experimental
m%asur$me5r(1)/ts in the values of thermal diffusivity presented here is of the
order of +5%.

Results

The thermal diffusivity values for unfrozen and frozen products are listed in
Table 1 for food modéls of different compositions and in Table 2 for mashed
potatoes of different moisture contents and shrimps.

Discussion and conclusions

The results indicate the usual trend that the diffusivity of frozen products is
much hl?her than that for the unfrozen product. This s obviously due to the
fact thal water in frozen form has a higher diffusivity than water in liquid
form, This is also the reason for the difterence in diffusivity values between
the frozen and_ unfrozen product being more pronounced as the water content
Is increased. Itisobserved that the effect of increasing starch and sugar contents
Is to decrease the diffusivity values of both unfrozen and frozen products
while the converse trend is experienced when the agar content is increased.
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A simplified model for predicting the temperatures of foods
during air dehydration

S. M. ALZAMORA, J. CHIRIFE AND P. VOILLAZ

Summary

The validity of a simplified heat transfer model to predict the temperature of
fruit and ve?etables during dehydration, has been examined and satisfactory
results were found. S _

The main advantage of the model consists in its simplicity because it has an
analytical solution. The temperature prediction only requires the knowledge
of the food drying slope and a rough estimation of some physical properties.

Introduction

It is well known that reactions between food components are often accelerated
during dehydration leading to reduction in organoleptic quality and nutritional
value. The Tates of the reactions are strongly affected by the temgeratur_es and
moisture contents of the food during deh?/(ratmn Labuza, 197 'Agiunera et
al,, 1975: Wanninger, 1972; Dennison & Kirk, 1978; Riemer & Kar_e,_l97,7).
For this reason a knowledge of the food’s moisture-temperature distribution
as a function of drying time is needed in order to predict losses of nutrients
al%%quallty during drying (Labuza, 1972; Aguilera et al., 1975; Saguy et al,

As drying is a simultaneous heat and mass transfer process, correlation of
moisture. and temperature _chan%es of the specimen involves solution of coupled
differential equations. Luikov & Mikhailov (1965) solved those equations for
the case that kinetic parameters may be considered constant, However, if the
kinetic parameters involved in drying, such as moisture diffusivity and thermal
diffusivity, are a function of ‘moisture content and/or temperature, the
equations are no longer linear and must be solved through numerical methods.
Harmath){ (1969) and_ Husain, Chen & Clayton (1973) presented and solved
numerically a set of differential equations which, when' solved with the apPro-
priate initial and boundary conditions, yields the complete moisture content

Authors’ address: Departamento de Industrias, Facultad de Ciencias Exactas y Nafurales,
Universidad de Buenos Aires, Ciudad Universitaria, Nufiez, 1428 Buenos Aires, Argentina.
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and temperature history of the system. Vaccarezza, Lombardi & Chirife (1974)
presented a semi-empirical approach which correlated temperature and moisture
chan(ies of sugar beet during the first falling rate period of drying. While the
coupled heat “and mass transfer equations were not solved Tigorously, the
apprroach gave afawlk{ good representation of the experimental results. ~

he_present investigation was undertaken with the aim of testing the validit
of a simplified heat fransfer model recently used by Alzamora et al. (197
to predict temperature evolution dur_m_? drying of avocado. The main advantage
of this model consists in its simplicity because it has an analytical solution
making computational methods unnecessary.

Materials and methods
Laboratory dryer

The drying equipment has been described in detail in a ﬁrewous paper
(Vaccarezza et al, 1974). It consists of a centrifugal fan which blows the air
throug_h a heating section and then upwards through a vertical duct at the end
of which the sample is suspended from a ﬁrecmon_ balance. A constant air
velocity of 13 m/sec was used in most of the experiments. For the measure-
ment of product temperatures durln% drying fine wire thermocouples were
inserted in the sample at different depths.

Materials

Vegetables studied in this work included avocado, apple, potato and Sugar
beet root. The experimental data correspondmgl_to sugar beet were previously
obtained by Vaccarezza (1975). Foods were sliced in a food cutter and ctit
into squaré pieces with ‘a thickness varylng_from 4.0 to 9.3 mm, Various
measurements of the thickness were made at different points with a dial micro-
meter; only slices that fell within a 6% range of the average thickness were
used. In all experiments rePorte,d, the thickness was approximately equal or
smaller than one-tenth of the size; in this condition rymg took place only
from the two major faces of the slab thus simplifying the mathematical interpre-
tation of the experimental results.

Results and discussion
Simplified heat transfer model

~Itis known that during air dehydration the temperature of the food sample
increases rapidly at the beginning of drying towards the air dry bulb tempera-
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ture (Vaccarezza et al., 1974)b However, the difference between the material
and air dn( bulb temperature ecomes neg ngrbeonI y when most of the initial
water of the food has been evaporated.” Recently,” Alzamora et al. (1978)
applied a simplifed heat transfer model to redrct temperatures during air
drying of avocado. The ener% y balance for an infinite slab with moiSture
evaporation at the surface may e written

bT%x,t) 2T (x, 1)

- =g 0

The initial and boundary conditions for drying in @ medium with constant
air temperature, 7tb, are

T(x, 0)=T0
—k3T(7§ t)

+h[Td, - T(R, ] ~Xu =0

37X, 0
3X

where « is the evaporation rate. Experimentally it may be expressed as

u=ul-exp(-mt)
where woand m are determined from the moisture content-time relationship,
(W - WE)/(WO- Fl4)=a exp (-mi)

The values of the e/%rrlrbrrum moisture_contents, W, are relatively small as
omrljacreg tto Wor WO (Wolf, Spiess & Jung, 1972) and the equation may be
simplified to

W/WO0 - o +exp (—mi)

Taking into account the above emr%rrrcal equation, solution of eqn (1) becomes
(Luikov, 1968; Alzamora et al., 1978)

T(x, t) =T0_ Ovb cos i(Pd/2) x/r\
Th- T0 ~ ~ cosm -(P%2/Bi sen (Pf))

)
"k
=

( _p”;bln ,, Ancos(Mn x/R) exp (U, To) (2

where
Owh = Xu//i (Tch—T0)
Pd =mR 213, Predvoditelev criterion
FO=at/R2 Fourier number
=Rh/k, Biot criterion
a =k/pCp, thermal diffusivity
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and, Anand pn are defined as functions of Biot criterion
cot Mh=(L/Bi) jun

~(-1)m1 2Bi(Bi2 +U2) 12
N P Bi2+Bi+p1)

Equation (2) may be directly used to predict food temperature during drying.

Application of the model

Internal temperature gradients. The internal'food temperature during drying
may be considered uniform with little error when the Biot number for heat
transfer, Bl =hR/K is less than 0.1 (Welty, Wicks & Wilson, 1968). The Biot
number for the various vegetables studied here calculated from literature
data (Dickerson, 1968; Rha 1975) using heat transfer coefficients obtained
from usual heat transfer correlations, was found to be in the range 0.2—0.5.
This low value is consistent with the small internal temperature gradients
reported in the literature for various foods undergoing air drying (Jason,
1958: Chirife, 1971; Vaccarezza etal., 1974).

Figure 1 shows the temperature evolution at the ‘surface’ and centre of
a thick (~ 9.3 mm) slab of avocado during air drying at 57°C. It can he seen

60r
51C
0 Pk 3\/\/) f <&
01
c%/
B!
K|
Figure 1 Surf d cent t50 t’ﬁmeérrin) . d Iabdllwsod tion at
S%e urface % rfggg,.re emperature quring avocado slab dehydration

*, centre
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that, in agreement with the previous considerations, the internal temperature
gradlents are very small, the maximum difference between ‘surface’and centre
eing of ahout 2°C. This difference however, diminishes rapidly after the
beginning of drying, It ma5{ be concluded that the sample temperature can be
characterized bY a single value at each instant of time.

Prediction of temperature evolution. Figure 2 shows the calculated (eqn 2)
avocado temperature compared with exPenmentaI temperature-time measure-
ments previously reported by Alzamora et al. (1978). The full line was obtained
U'[I|IZIn? the physical and thermal properties (p, k, CP) of the fresh fruit, while
the dofted one”was obtained usm? the properties of the ‘dned’[?roduct. The
values of those properties were obtained from the literature (Dickerson, 1968;
Vaccarezza, 1975; Rha, 1975). It can be seen that there is very little difference
between the curves predicted using the Bropemes of the “fresh’ or ‘dried’
Product and that a good aﬁreement exists between experimental and predicted
emperature changes. On the same Flgi._ 2 the end of the first falling rate period
is indicated, for which the linear relationship In W versus time applies, as
reported by Alzamora et al. (1978). After this period eqn (2) is no longer valid
and it should not be used to predict the temperature changes. However, at the
end of this period the sample temi)er_ature 15 aIreadY S0 Close to the air dry
bulb temperature, that eqn (2) still gives a reasonable prediction as is shown

In Fig. 2
T, 57-8°C . uo._‘/—f—‘—
® _qe0e o
55 o 5% oo o
Q. i
- o L End of first folling rate period
o ®
/"'.
& 50 //0
a
£ //®
£ °
~ //6
o
gt
S 18
<
sl
|
[ J
Il
®
|
,.
40
[
1 ! 1 I
0 50 100 150 200 A

. . . IITe (M) . .
Figure 2. Comparison of predicted temperagure changes of avocado with experi-
mgntal resu?ts.pPre icted: p b, Cp, prf ftres% avocga 0; —, P, Cp.k 01? red

avocado.
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Figure 3. Drying behaviour of potato slab at 68°C dry bulb temperature.
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Figure 4. Comparison of predicted temperature changes of potato with experi-
mental results. ¢, Experimental;o, predicted.
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Figure 3 shows values of _Iog WIWO versus time for a potato slab 5.3 mm
thick dried at 68°C. A straight line portion is observed and then the data
deviate from the_stral%ht line relationship. The slope of the straight line was
subsequently utilized together with the physical and thermal Rropertles_of
fresh potato to predict the temperature changes using egn (123 The properties
of potato were obtained from the literature (Dickerson, 1968; Rha, 1975).
The results are shown in E|(g. 4. 1t can be seen that a reasonably good agree-
ment exists between predicted and measured sample temperatures. As with
avocado the temperature prediction is satisfactorily continued after the end
of the straight line period, which for this case is about 60 min,

Figure 5 shows the predicted and measured temperature changes for a slab
of sugar beet root 10.8'mm thick undergoing drying at 81°C. The experimental
data are those previously reported by Vaccarezza (1975). As in the previous
catses the dpred|(:t|on Is satisfactory even after the finalization of the first falling
rate period.

_Figure_ 6 shows the logarithmic drying curves for an apple slab 5.5 mm thick
being dried at 67°C. It can be seen that the drying behaviour ma¥ be described
by two straight lines of different slopes. quure shows the calculated apple
temperature compared with the experimental temperature-time measurements.
The full line was calculated using the drying slope corresponding to the first
straight line while the dotted line was obtained using the drying slope of the
second straight line. It can be seen that the Fredwtlon in the latter stages of
drying is |(5n)proved when the change of the slope is taken into account when
using eqn (2).

90—

Sugar beet root temp. (°C)

30 | | | J

6] 100 200 300 400
Time (min

Figure 5. Comparison of predicted temperatu_}e changes of sugar beet root with

experimental results. «, Experimentado, predicted.
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Figure 6. Drying behaviour of apple at 71°C dry bulb temperature.
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All of the above predictions were made using the characteristic properties
(p, k<) of the fresh foods. It is well known, however, that these properties are
a function of moisture content and consequently will not remain constant
during drying. For this reason the utilization of constant values for p, k and
Cp, & it ‘'was done here, may be questioned. However, the results shown in
Fig. 2 suggested that the predictive equation (eqln_(2) IS not very sensitive to
variations n those properties. This may he explained through the analysis of
the different terms of eqn (2). Considering the numerical values of all para-
meters usually encountered during air drying of vegietables, the sample tem-
perature —as” predicted by egn E;2) —is” fundamen all¥ determined by the
ratio of moisture evaporation. In fact, the coefficient of the first exponential
in eqn (2) is given by the slope of the drying curve. The other terms, for
which the' changes in Tood J)ropemes will be more important, are only signi-
ficant at the begmnmg of drying for low FO numbers. In addition, for small
Bi criterion all the terms of the series, even for low FO numbers, are negligible
in comparison with the first one, since 4 (n—n7r and in consequence,
An4 0 except Au whose value approaches one.

ble 1, Approximate range qf values of densi specific heat
Eap)eanld tﬁglpmal conduct?\r/]ﬂey 8<) for ?ruits and v%e{g%hsp

Maximum Average Minimum

glems 110 0.94 0.88
0 Baoe W Mo

This observation is further tested in the following way. Rha ﬁ1975% reported
values of p, Cp and k for a large number of fruits and vegetables. T ea_veraﬁe
value of each property was calculated and shown in Table" 1together with the
maximum and minimum values observed. An arbitrary drying Slope was then
used to simulate the temperature changes using different combinations of the
extreme (low and h|?h) values of p, k. and Cp. The combinations were made
in a way_which would generate the hlghest_ and lowest possible values of Bi
and Pd. The results areshown in Fig. 8 which illustrates the expected differ-
ence in the temperature prediction when a drastic change in the values of the
food properties are considered. It can be seen that the difference between the
predicted curves r(case 1 or case 2) rapidly diminishes with increasing drwng
time; i.. the difference in the temperature prediction at 50min drying time
(about 20% of total drying time) is only 2°C.

Conclusions

The vaIidit_Y of a simplified heat transfer model to predict tem?_erature changes
during fruit and vegetable dehydration has been examined. Satisfactory results
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were found for gredicting temperature during air drying of avocado, potato,
apple and sugar beet root, The main advantage of the equation tested consists
in"its simplicity because it has an analytical solution, making computational
methods unnecessary. The prediction of temperature changes durm?_ drY_mg
only requires the knowledg_e of the food drying slope and a rough estimation
of the value of its thermal diffusivity, k/ipCp.

I 1
200 250

Nomenclature

:dry|r_1tg area, cm2
= specific heat, cal/g °C
= heat transfer coefficient, cal/sec cm2 °C
= thermal conductivity,>a*l/cm sec °C _
slope of the experimental straight lines, In IVIVo versus time, sec
S

h

k

m

m r;r Mass, ¢

5 = half thickness of the slab, cm
:

r

U

=time, Sec
_=sample temperature, °C
ib = airdry bulb temperature, °C
= evaporation rate, g water/cm?2 sec
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W> = evaporation rate att =0, gwater lcm2 sec
W = averzi\PD e moisture content, d gas%

We ~ equilforium moisture conten asis
Subscripts

0 = initial

Greek letters
\ latent heat ofvaponzatlon callg
density, g/cm
a = intercépt of the experimental straight lines, In W/WO versus time,
dimensionless
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A simple, enzymic test for monitoring the efficient thermal
pasteurization of chicken egg-white

J. B.MONSEY* AND J. B. JONES

Summary

A simple, rapid test has been developed to monitor the efficient thermal
pasteurization of a single sample of egg-white. The starch-degrading enzyme
activity of seventy-two individual raw” egg-whites and eighteen sampleS of
commercial bulked raw e%%-whne_ has been determined. The enzyme was
found in all samples and the variation between bulked samples was small.
The enzgme was virtually completely destroyed when egg-white was pasteur-
ized at 57.2°C (135°5) for 2.5'min which are the conditions currently in use
commercially in" the United Kingdom. A sample of egg-white, pasteurized for
2.5 min failed the test if ga) the temperature fell below 56°C or (b) the sample
contained more than 0.15% w/w yolk, or (c) the sample was contaminated
after pasteurization with more than 2% w/w of raw egg-white, Storage of raw
or pasteurized samples up to 9 months at -20°C or of eggs-in-shell up to 20
dayrs at 20°C did not alter the enzyme activity. _

: he Itest can be completed in" 75 min and several tests can be run simul-
aneously.

Introduction

Because of the possible presence of salmonellae in commercially prepared egg-
white (Ayres & Slosherg, 1949: Kline et al., 1965) it is generally the ﬁrac_tme
now to pasteurize it. In"the UK., where no additives are used prior to heating,
the _conditions used are 57.2°C for 2.5 min. Confirmation that the pasteur-
ization has heen achieved is more conveniently done by a chemical test than
trying by bactenoloa:cal procedures to establish'the absence of salmonellae.

_"Such’a test for the successful pasteurization of whole egg is hased on the
incubation of a-amylase present in egg yolk (Shrimpton et al, “1962). However,
the literature contains little on the presence of starch-degrading enzymes in
egg-white. The ‘diastase” activity of egg-yolk is claimed to be 32 times that of

Author’s address: *Food Research Institute, Colney Lane, Norwich, NR4 7UA,
o 0022-1163/79/0800-0381 202.00 © 1979 Blackwell Scientific Publications
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eqg-white QKQ?a,_ 1923) and Henderson & Robinson (1969) thought the a-
am){Iase_ a%_ vity in egg-white to be too low to be of possible Use in monitoring
asteurization,
p An automated test hased on the destruction of (3-N-acetyl glucosaminidase
present in egg-white (Donovan & Hansen 197 l% has the d_|sadvantarqe that the
enzyme activity fell shar%Iy with the alge of the e&g-whﬂe (see also Lush &
Conchie, 1966; Winn & Ball, 1975). Also, this metnod required two samples
of_e[%g-wmte both before and after pasteurization, _

Me development of a test to confirm the effective heat-processing of egg-
white, based on the destruction of a starch-degrading enzyme, is described.

Materials and methods
Materials

A flock of hens (Shaver 585) reared on a normal layer’s diet at the Food
Research, Institute provided the eggEsi used in this work, unless otherwise stated.
All chemicals were purchased from British Drug Houses, Poole, UK.

Reagents

Distilled water was used throughout. _

L Starch solution: 1.40 g ‘Lintner’ soluble starch was made to a thick cream
with water and transferred quantltanveI_Y_ to approx. 50 ml hoiling water
ensuring that the solution did not stop boiling. 1t was further boiled for 1 min,
cloole(il( and made to a volume of 100 ml with water. The solution was stable for

week.

2. Trichloroacetic acid:_A.R., 15% wiv, aqueous solytion. _
3. lodine solution: 12.7 g A.R. lodine was dissolved in asolution of potassium
jodide (25? in 30 ml water) and made up to 1litre with water. This solution
was stable for 6 months. One ml of this stock solution together with 0.25 g of
potassium iodide were made up to 100 ml with water. The dilute solution was
stable for 1 week. _ _ _

4. Phosphate buffer. 0.5 M solutions of AR. potassium dihydrogen ortho-
Phosphate and AR. dipotassium hydrogen ortnophosphate were made. The
wo solutions were mixed to give a baffer of pH 7.30 using a pH meter.

Method

Egg-white (30 g) was gently mixed with 7.5 ml phosphate buffer in a
stoppered flask and placed in" a water-bath at 44°C'+0.1°C. After exactly
5min, 3.0 ml of starch solution were added and mixed gently. After 60 min
incubation, a 5.0 ml aliquot was withdrawn and added to 50 mI'TCA contained
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in a stoppered tube, and gently shaken. After addition of 10.0 ml water, the
contents of the tube were again mixed and filtered through two thicknesses of
Whatman No, 1 filter paper (125 mm d|ametert)). To 5.0 ml of filtrate, 1.0 ml
of dilute iodine solution was added. The absorbance of the coloured solution
was read at 585 nm in 10 mm cells, with water in the blank cell.

Determination of optimum conditions for enzyme activity

Yolk-free egg-white from 100 eggs was combined and homogenized (M.S.E.
Atomix, Vi speed for 1min). The enzyme ac_tlwty (k value) of portions of the
[aw egg-wmte was (etermined at (a) incubation temperatures within the range
30°-53.6°C £ 0.1°C using a constant temperature water-hath, and (bz different

H values by substituting in the_test mixture the same volume of either 0.5 M
ris-maleate buffer (adjusted with varying amounts of 0.5 M NaOH) or dilute
HCLin place of the phosphate buffer described.

Determination of enzyme activity of raw egg-white

The activity of raw samples was estimated using the equation for a first
order reaction:

k= 71 X23 Xlogici(T sec 1

where k:_velouéy constant, t =incubation time (sec), x° =initial starch
concentration and x{=residual starch concentration after time t. Values for
X were expressed as absorbance measurements, The activity of raw eg%-wmte
was found t_o,obeg the first-order reaction (i.e, k is constant for ditferent
values of t) if incubation times of less than 10 min were used. Samples (5 ml)
of incubation mixture were assayed after 2.5, 5.0, 7.5 and 10 min, and the
initial starch concentration found Pr_aphlcally by extrapolation to zero't.

Yolk-free e?ﬁ-whltes were obfained from "seventy-two eggs (twenty-four
from each of three local shops). Each e ?-whne_was homogenized separately
in an overhead homogenizer (M.SE.) fitted with a 100 ml vortex beakef,
ensuring that frothing“was kept to a'minimum, and the enzyme activity (k
value) of each determined. , _

Eighteen samples, (six from each of three_leadm? UK egg-breakmgI plants)
of raw bulked eg?-whne and the same material pasteurized commercially were
obtained, The test was applied to a portion (30 GQS)Of each after homogenization
and k values for the raw samples were calculated.

Pasteurization and storage

Homogenized eg?-white was sucked by water-pump into a_ stainless-steel
tube with an internal diameter of 3 mm and a wall thickness of 0.5 mm (volume
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35 ml) as described by Henderson & Robinson él9692. The tube was immersed
in a water-bath maintained to within £0.05°C of the required temperature
(which was measured with a narrow-range (;0—0°C) thermometer supplied
with a BSI certificate). After2.5 min the tube was quickly cooled by immersion
in a cold-hath and the contents ejected by pressure from an air cylinder.

One hundred yolk-free _eglg-wmtes weré combined, homogenized, and samples
Elz? asteurized in the stainless-steel tube at five temperatures within the range

5°-57.2°C; (28 mixed with raw, homogenized yolk to. give yolk concen-
trations between 0 and 1.0% w/w and each mixture pasteurized at 57.2°C; and
(3) pasteurized at 57.2°C and mixed with raw eggn-whlte to give concentrations
between 0 and 5% w/w. Samples of each of the three lots were put in closed
jars and stored at —20°C. One sample of each lot (30 g) was taken for assay
after 0, 2, 5 and 9 months. They were first thawed at room temperature.

Effect ofage of eggs on enzyme activity

Egos were stored at 20°C. Samples (twenty-five eggs) were broken after 0,
10 and 20 days. The 5{olk-free egg-whites were combined, homogenized and the
enzyme activity (k value) determined.

Results
Optimum test conditions

The optimum incubation temperature for the enzyme activity at pH 7.7 was
44°C (Fig. 1). There was little change in activity between 40°C and 46°C.

K k3 b %
ks tnp (0

Figure 1, Effect of incubation temperature on enzyme activity. pH of incu
bation mixture was 7.7.
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iqure 2. Effect of pH of incubation mixture on enzyme activity. Incubation
re lf)erzﬁureV\Bsz%(g y

The optimum pH_ at 44°C using Tris-maleate buffer was between 7.3 and
78 (F|gr._ 2). In additional tests a ZEustment of the pH with dilute HCL solutions
(to give final test pH of 6.75 and 8.45) or with phosphate buffer (final pH 7.51
showed_that these modes of adjustment did not change the slopes of the p
curve. The quantity of hosfphate buffer described in the test was designed to
ensure that the final pH of the test mixture, using any particular egg-white
sample, fell within this range.

Enzyme activity of raw egg-white

It was found that the mean activities of e?g-whltes from three different
sources did not differ significantly. The overall mean activity of the seventy-
two egg-whites, was k= 12.2, s.d.°3.7 X 10~4 sec-1 with a maximum value of
23.1 and a minimum of 5.8. .

The overall mean activity of eqhteen samﬁ_les of raw (the mean pH value
was 9.07, s.d. 0.19Z), commercial bulked eg%:w_ne wask - 13.2,s.d. 1.4 X 10"4
sec"l with a range between 16.3 and 10.5.Again, the source of the samﬁles Was
not s_|gn|f,|cantl¥ important. In separate experiments it was found that this
variation in activity did not affect the sensitivity of the test because when
samples of the raw_commercial egg-white havm% the highest and lowest k
values were pasteurized in the stainless-steel tube at 57.2°C hoth samples
passed the test and each failed when pasteurized at 56.0°C.

It was found that the activity of raw egg-white was 60.4 times less than that

of egg-yolk.
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Commercial pasteurization

Each of the eighteen commerciallg asteurized bulked egg-white samples
passed the test (i.e. absorbance > 0. 55). The mean absorbances of the six
samples from each factory were 0.642, s.d. 0.010; 0.734, s.d. 0.012; 0.625,
s.d. 0.033, respectively.

Contamination with yolk and raw egg-white

When egg-white_contained more than 0.15% wiw yolk (Fig. 4? prior to
pasteurization at 57.2°C, it failed the test. Similarly, adulteration of egg-white
E)éisge%r)lzed at 57.2°C with 2% w/w or more of rdw egg-white caused failure

Effect of pasteurization temperature

When yolk-free egg-white was pasteurized in the stainless-steel tube at
57.2°C for 25 min very little enzyme activity remained (Fig. 3). The activity
curve for raw egg-whne 1$ included for comparison. -

After the effect of yolk and raw egg-white on the sensitivity of the test has
been taken into account, it was decided to fix arbitrarily ‘the pass/failure
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absorbance as 0.55 after 60 min incubation. Egg-white pasteurized below
56.0°C will thus fail the test.

Storage

The activity of the samples of pasteurized egg-white described in Fi%s 34
and 5 were unchan(f}ed after bem([l stored at —20°C for up to 9 months. In
addition, raw yolk-free samples stored and assayed at the same intervals also
gave unchanged results.

When eggs-in-shell were stored at 20°C for 0, 10 and 20 days the enzyme
activities ( values) of the egg-white were 11.2, 122 and 12.3 respectively.

Discussion

Atest based on the virtual destruction of a starch-degradin? enzyme in egg-white
at 57.2°C has been developed. However, a-amylase in whole egg isnot destroyed
until a temperature of 64.4°C is reached (Henderson & Robinson _196_9?. If, as
seems likely, the enzyme in egg-whlte_ is a-amylase, the reason for this difference
in heat-lability is not clear. Protective effect of yolk-lipids, difference of_BH
between yolk and white or difference in enzyme concentration are possinle
easons. Iternanvele/, the, two enzymes may have differences in molecular
structure. Storage 0 egg_s—m-she_ll at'20°C for 20 days showed there was no
transfer of starch-degrading activity between yolk and white. The fact that
presence of more than 0.15% w/w yolk in properly pasteurized egg-white will
cause the sample to fail the test, might have been a problem if it had not been
established that every sample of commercially-pasteurized egg-white examined
passed the test. In ‘practice, it may be important that samples should not
contain more éolk because baking properties may be adversely affected (Cotterill,
Cunningham & Funk, 1963). o

The proposed test has been used b)( one of the United Kingdom processors
and found' satisfactory. In addition, the method was,successfully used to_up-
hold the suspicion that samples of imported egg-white had been pasteurized
before entry into this country.
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Evaluating acceptability of fish minces and fish fingers from
sensory variables

G. M. LASLETT* and H. ALLAN BREMNER

Summary

The taste panel results from a number of similar, but separate experiments
conducted on storage trials of minced flesh from Australian fish species were
investigated using statistical methods to determine whether a relat|onsh|?
existed between the sensory variables scored by the panel and the accept-
ability of the samples. The important predictors of acceptability were flavour,
a combination off-variable (off-aroma i)lus off-flavour) and texture in the case
?_f minces, and off-variables and, to a lesser extent, flavour in the case of fish
ingers.

Introduction

Evaluation of the acceptability of food products in terms of sensory variables
is an important step in determining research priorities.

Acceptability of cooked fish is governed by numerous related factors. Some
examples of these factors might be the species of fish, method of handling,
the Ien(t;th of time in store, the temE_erature of storage, the method of cooking
the water holdmg capacity, the saltiness, and other’ flavours both natural and
those produced during storage. An eguation predicting acceptability could be
determined. in terms of such factors. The number of predictor variables may be
large, and important variables mar be omitted from' the analysis. The schieme
does not simulate the wa pe_o?e evaluate acceptab|l|tY through the senses
and thus would be difficult to_interpret. This suggests that acceptability should
first be related to sensory variables, and then the physical components of the
important sensory variables could be determined afterwards. This two sfage
process has tne advantage that many possibly unimportant variables are elini-
nated ea_rIY in the evaluation process: if a sensory variable does not contribute
substantially to acceptability, there is little point in investigating its physical

Present address: *CSIRO Division of Mathematics and Statistics, Melbourne, Victoria.
o aurtth%rass rﬁgggessz CSIRO Division of Food Research, Tasmanian Food Research Unit,
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or_chemical components. The development of a relationship hetween accept-
ability and the sensory variables requires the determination of the form ie.g.
Ime_a[),I quadratic) of the relationship and the selection of the more important
variables.

Kelly (1969) reported that while most of the work which had been done on
frozen” cod was concerned with texture deterioration, flavour was more
important when the fish had a high PH (> 6.7) and recommended that more
attention be given to the problem of the development of cold storage flavours.
Following this Connell & Howgate (1971) assessed the relative importance of
texture and flavourin determining the acceptability of frozen cod and haddock.
Tﬁ){ concluded that flavour was more important in determining the accept-
annity. _—

Horsfield & Taylor (1976) have explored the relationship between
sensory data and acceptability of meat. Using the results obtained on a small
samﬁle of thirteen meat products they attempted to reduce the dimensionality
of the parameter space bﬁ principal components followed by varimax rotation
ag the. reslugl%s)althought e use of this technique is the subject of controversy

rancis, . _ _ 3

Schiitz & Damrell (1974) used multiple regression to assess the acceptability
of twenty samples of rice (as judged by a consumer panel) in terms of fifteen
sensory variables judged on the same rice samples b?/ a trained taste panel. They
attempted to eliminate the need for acceBtabm_ / being. non-monotonically
(or non-linearly) related to some variables by arti |C|allﬁl introducing comple-
mentary and overlappmg_ variables, resulting in a somewhat clumsy regression.
They then reduced the dimensionality by selecting some of the more important
variables for inclusion. Multiple regression was also used by Connell & Howgate
(1968, 1969) to analyse their results relating the accéptability of cod and
haddock to flavour and texture, as judged on objective sensory scales by a
trained taste panel. o _

The study reported here evaluates the relationship between six_ sensory
variables and acceptability as scored by the same taste panel for sixty-nine
fish minces - derived from sixteen species of fish —stored for var¥|ng periods.
Similarly the same stud¥ was applied to thirty-five samples of fish fingers
made from the minces. These data arose from & series of Separate but similar
exploratory investigations into the cold storage properties of fish minces made
from a variety of Australian fish species (Bremner 1977a, 1978).

Methods
Materials and taste panel methods

Most of the sixteen species mvesh?ated were caught durm% exploratory mid-
water trawling off the New South Wales coast and were not otherwise available:
some were, however, species that were of possible commercial potential.

. The methods of processing, storage and sampling and the taste panel tech-
niques have been reported previously (Bremner, 1977h, ¢; Bremner, Laslett &
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Olley, 1978); however, some explanation, particularly of the taste panel method
Is necessary here. The fish were frozen whole, on Board ship, in boxes which
were later ‘taken by refrigerated transgort to the laboratory (in Hobart, Tas-
mania) where_they were held at —18°C. The delay between catching and
ﬁrocessmg varied from about 4 to 6 weeks. After thawing the fish were be-
eaded, qutted, cleaned, scaled if necessary and then passed through a Bibun
Model SDX13 meat separator. The minced flesh so produced was thoroughly
mixed, then Packed a5 650 ¢ blocks in aluminium trays. These blocks were
frozen and held at —18°C for periods of up to 1year. Blocks were withdrawn
from store at intervals, thawed, subdivided and mixed, and two portions used
for taste panel evaluation. Fish fingers were made from similar blocks.

The minces were heated for 1hr in covered stainless steel beakers in a 60°C
water bath. Individual samples were then served to the panel in pre-heated glass
jars identified with abstract symhols. The fish fingers were presented to the
panel on individual wire grids on which they had been heated in the oven for
45 min at 180°C. _ _

The taste panel consisted of ten members of staff selected on the basis that
they were willing to cooperate and were available for reqular taste panel work
over a long. period of time. Eight members of this panel had previous taste
Panel exPerlence and were familiar with sample evaluation and expression of
he results on score sheets. The panel was asked to evaluate the samples for the
attributes of fish aroma (AR), off-aroma (OAR), fish flavour (F), off-flavour
(OF?), toughness (T) and moisture (M), and to ‘mark the appropriate sample
symbol on the nine point objective scale (Table 1), structured at five points
with descriptive terms.

In verbal instruction given to the panel the term ‘preferred texture’ was
explained as neither soft"nor tough’. The mter?retatmn of the term moisture
has been discussed previously (Bremner, Laslett & Olley, 1978). No definite
instruction on the difference hetween aroma and flavour and their respective
counterparts off-aroma and off-flavour was given. The descriptions of off-
aroma and off-flavour found in the food technolo%y literature were presented
to the panel and the choice left to them. Acceptability was measured on a
nine point_hedonic scale structured with five descriptive preference terms.
The panellists were not asked, at the time of tasting, which variables they
considered most affected acceptability. _ _

The sample symbols were later converted from the sheets into numerical
scores which were recorded on data cards. The same marking and scoring
system was used for both the minces and the fish fingers. Two taste sessions,
mfornmq and afternoon with four samples per session, were held for each set
of samples.

Statistical methods

All calculations were done using the genstat computer package (Nelder et
al., 1977). The panel scores were examined for differences hetween panellists
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by generalized Procrustes analysis (Gower, 1975) applied smultaneously_ to
the Seven scores. In this techm?,ue, the seven scores on m samples for a particu-
lar judge are regarded as a configuration of m points in seven dimensions, and
the” resulting configurations of all the judges are then compared (Banfield &
Harrigs, 1975). Differences between panellists, samples and sessions were
examined by analysis of variance, calculated separately for each variable.

The above techniques were applied to the orlgima scores. For those below,
taste panel mean scores adjusted for missing values estimated in the analysis
of variance were used. This is_a necessary consideration where differences
between judges are significant, since the absence of a panellist who consistently
scores toward an extreme of the scale would otherwise bias the results. These
procedures were then repeated for each individual Panelllst’s results.

Plots of means of acceptability scores against the sensory variable scores
gBrem_ner, 1978) suggested a feasible initial model for predicting acceptability.

tepwise multiple regressions maX|m|_2|nq ‘percent_a%e variance accounted for’
were calculated to determine the simplest predictive equation, ‘Percentage
variance accounted for’ is equivalent to 100 & —sl/sy) where S s the residual
mean square after fitting a regression model and §j is the variance of the
?é:ceptalb9|I7|t scores. Robustness of the regression was checked by data-splitting

nee, - . .

An attempt was made to measure the strength of the predictor variables
b%/ doing all possible regressions, and recording the maximum and minimum
change In ‘percentage variance accounted for’ by dropping each predictor in
turn. Certain _h||ghly correlated variables were combined In this exercise, because
it was impossible to distinguish their roles in determining acceptability.

The method of arriving at the predictive equation is described for the minces
onle/; a similar procedure was used for the fish fingers. _ _
. For purposes of compansom the largest subset of Palrs of minces.and fish
fingers was selected on the basis of being made from the same material ((jbo_th
freSh and stored). For each variable, thé correlation between minces and fish
fingers was calculated. The best regression of acceptability of fish fingers on
mince variables was found.

Results and discussion
() Fish minces

The Procrustes analysis revealed that the largest contribution (17_0%) to its
analysis of variance came from the translation term (i.e. from ﬁane lists having
condistently used different parts of the scale). Scaling (i.e. the range of the
scale used) and rotation accounted for 18%, with the remaining 12% due to
more complex differences and error. Procrustes rotation is, at present, a quali-
tative technique onIY, since no_ tests of significance are available. The results
also suggested that there was little or no confusion between judges as to the
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meaning of the variables, or more intricate effects (cf. Banfield & Harries
1975). Consequently, to a first approximation, the configuration of the panel
mean scores was thé same, apart from translation, as the configuration of each
judge, and there was little to be lost in using the mean scores to determine the
relationship between acceptab_llltY and the sensory variables. Analysis of
variance on each of the seven variables showed 5|%n|f|cant differences (P<0.001)
between judges on all variables, supportmf; the conclusion that ther were
using different sections of the scale. Snell (1964) has discussed the app
of analysis of variance to taste Panel data. _ .
Table 2 lists the mean of all samples, the maximum sample mean, the mini-
mum sample mean and residual mean square for each variable. Quite wide varia-
tion occurred in intensity between minimum sample means and maximum
sample means for all variables. The residual mean squares were quite high and
were possibly due to high ‘within sample variation’, ‘panellistX” sample”inter-
action” and scorlngi of variables on an integer, rather than a continuoys, scale. A
trained Banel would probab_l%/_ have produced results with a lower residual mean
square, but there were significant differences (P< 0.001) between the samples
for all the variables. The panel means too, were sufficiently precise to give
significance (F< 0.05) to a difference of anpromm,ater one’unit on the nine
point scale. The criterion that a change of one unit regresents a just notice-
able difference”has been suggested by Dahloff & Jul (1965).
Examination of plots of acceptability a(T;amst the sensory variables revealed
that acceptability increased linearly with flavour, and decreased linearly with
off-flavour and off-aroma (Bremner, 1978). The plots of acceptability with
moisture and toughness indicated that acceptabﬂﬂ*scores were hlgher in the
middle of the range, which was to be expected since this accorded wit Rreferr_ed
toughness and normal moisture being scored as five. No relationship with
aroma could be discerned. Consequently a multiple regression model linear
in aroma, off-aroma, flavour and off-flavour and quadratic in toughness and
taste panel moisture was sought by the stepwise regression procedure.

ication

Correlation matrix

: |glhegcorrelatmn matrix of acceptability and the sensory variables is given in
able 3,

Two variahles may have a high correlation because of sampling covariation,
and/or because they measure, in part at least, the same or opposite entity.
Some of the latter cases may have occurred here; however, the low corre-
lations between flavour and off-flavour, aroma and off-aroma indicated that the
off-variables were not redundant. The significant correlation between off-aroma
and off-flavour was not surprising since apart from the hasic tastes of salt
sweet, sour and bitter (McBumeK( 1974) it s the volatiles of the food stuff
that are registered by the taster. Nevertheless there was only a low correlation
between fish aroma“and fish flavour and this may be due to loss of volatiles
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before the samples were tasted. A different technique in which the samples
are either served hotter or are being heated during evaluation may increase the
mgortance of aroma (Shewan, personal communication), T

Some correlations may be deceptively low because of non-linearity between
variables, Examples of this were acceptability vs. taste panel moisture and
acceptability vs. toughness. Graphs of all pairs of variables were drawn and
this showed no other cases of non-linearity. _
_The high correlation between taste 9ane| moisture and toughness has heen
discussed previously (Bremner et al., 1978;Bremner & Snell, 1978).

Regression model

The maximum percentage variance that could be accounted for by the
regression model was estimated from the analysis of variance to be 80%, the
remaining 20% being due to uncontrolled varidtions in the data. The simplest
model compatible with this error is summarized below:

A=-0.28 +08L F -0.56 OF + 146 T -0.15 T2 (1)
=300 + 081 F -0.56 OF -0.16 (T -4.53)2 2)

where A is acceptability, Fis flavour, OF is off-flavour and T is toughness. This
model was consistent with the specified limit, since the percentage variance
accounted for was 78%. Inclusion of other terms slightly increased the per-
centage variance accounted for, but resulted in an over-Specified model. The
regression coefficient of each predictor in (1) was significant at the 0.1% level,
except for the constant.

Strength of effect of the variables

Although equations (1) and (2) were shown to be the simplest model, this does
not imply that the other sensory variables were unimportant or irrelevant.
Moreover it was difficult to detérmine the separate effects on acceptability
of the sensorz variables, because of correlations between them. An excellerit
account of the hazards of doing o is qlven in Snedecor & Cochran (19673
and by Kendall (1975) who suggests calculating all possible regressions, an
choosing from the complete arraY. In this context moisture was found to be
virtually indistinguishable from toughness, and off-flavour from off-aroma.
Consequently, ‘texture’ was declared to be the single term encompassing the
five variables (T, T2, M, M2, T'M) and ‘off-variables’ to be the term en-
compassing the pair of variables (OF, OAR) and these collective terms were
included or dropped from the regressions as a single_entity. This reduced the
number of regressions to fifteen. The correlations (Table"3) between flavour
and toughness, and flavour and moisture were high enough to cause some
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problem in interpretation with this approach: however, even thou%h deterio-

rative changes in flavour, _tou?hness and moisture may be linked. through the

%r(])mmﬁ)n variable of time in storage, there seemed no “advantage in combining
em here,

The minimum changes in percentage variance of acceptability accounted
for by the addition of aroma, flavour, the off-variables and texture calculated
from™the regression analysis were —L, 12, 26 and 17% respectively. The
correspondmg maxima wefe 3, 32, 39 and 29%. It can be concluded that aroma
had little or no influence on acceptability, but that all other variables did. They
were not, however, particularly good predictors of acceptability on their own,
or even, as further analysis showed, in pairs. The predictive e(%uanon seemed to
require all three Predlctors, but the order of importance of these predictors
was difficult to establish, because of the correlations between them.

The stepwise regression equation (12 includes flavour, off-flavour and t_ouPh-
ness. Presumably tou?hness represents texture, and off-flavour the off-variables.
The inclusion of both flavour and off-flavour again vindicated the scoring of
both these variables. Flavour and toughness were both required despite the
correlation between them; this was not surPrlsmg since acceptability varies
linearly with the former, and quadratically with the latter.

Robustness o f the relationship

The robustness of the regression was checked by the technique of splitting
the data into two parts (e.g. Snee, 1977). This was done in two separate ways
according to two unrelated criteria. o _

For the first technique the data were split into two groups according to the
chronological order in which the data were ?athered. The two ?roups both
contained data from freshly prepared material and from material which had
been stored for several months at —18°C. Furthermore while the two groups
contained some species in common, Several species were Fresent in the first
group which were not present in the second group. The first 35 points were
Used to estimate a regression and the resulting equation was so similar to (1)
and (2) that it is not recorded here. The final"34 ?ths were used to validate
this_regression. The square of the correlation coefficient between the accept-
ability of the 34 final points, and their Bredm_ted acceptability from the re-
8re35|on of the 35 initial Fomts was 0.80, which compares favourably with

19, the square of the mu tlgle correlation coefficient (Snedecor & Cachran,
1967). These results suggest that the panel did not chan?e its basis of judgment
of the relationship of the sensory scores to acceptability over the near 2-year
period of the investigations. _ _ _

In the_second approach the data were split according to the degree of judge
absenteeism: 31 points in a ‘deficient’ set consisted of those session means
which_involved two or more ahsent panellists. The complementary ‘complete’
set with 38 points was used to calculate a regression, which again was very

20
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similar to (1) and (122 The square of the correlation coefficient between the
predicted acceptability of the inaccurate set and the recorded acpelptab|l|ty
was 0.78, compared, “as above, with 0.79 the square of the multiple corre-
lation coefficient. o _ _

It was concluded that the predictive equation derived from the, results of
Ehetsed ten panellists was reasonably robust, at least for the Australian species
ested.

(b) Fish fingers

Table 4 lists the taste panel mean scores, maximum sample mean, minimum
samFIe mean and residual mean square obtained on fish fingers.

Plots of panel means again sugges_ted_ a model Unear in aroma, off-aroma,
flavour and” off-flavour, and quadratic in toughness and taste panel moisture
aIthou%h the quadratic effect for toughness and moisture was not so evident
from the results as for the minces. _ _

The correlation matrix for the fish fingers is presented in Table 5. The
correlation between off-aroma and off-flavour was even higher than for the
minces. Furthermore aroma and flavour were now highly” correlated. It is
Bossmle that the volatile aroma components were retainéd because of the

atter and as a result were detected when the sample was chewed. o

The stepwise regression produced a very simple equation for predicting

acceptability

A =528 +0.47F - 0.75 OF 3)

~The equation accounted for 89% of the variance, against a specification
I|m||t of 90%. The coefficients of both variables were significant at the 0.1%
evel,

To determine the relative importance of the predictors, texture was again
ut as the five variables (1. 72, m, M2, 7- m) and the off-variables the pair
OF, OAR). The off-variables alone accounted for 85% of the variance of
acceptability. The minimum, change in Percenta?e variance of acceptability
accounted for by the addition of the off-variables was 53%, indicating that
theY were the dominant predictors of acceé)tablhty. The maxima due to aroma,
texture and flavour were 10, 20 and 32% respectively, and this only when
the off-variables were omitted. When the off-variables were included, these
maxima became 2, 4 and 5% res‘o_ectlvely. Consequently, the role of these
variables as Bredlctors of acceptability was minor when compared with that of
the off-variables. Indeed, the omission of known important predictors like the
off-variables will induce hiases in the predictive equation (Snedecor & Cochran,
1967). In general, the influence of the included predictor variables will be in-
creased through their correlations. with the omitted variables. Hence, the
maxima with the off-variables omitted were probably overestimates of the
influence of aroma, flavour and texture and by the same token the maxima
with the off-variables included were underestimates.



399

007

BANSIOP

60
Al
69
0v'S
Anjiqe)daooy

Evaluating acceptability offish products

Ajsnnaadsal (£G0 <) (8] 9T 0 pue ‘(€470 <)

L0 0 0-
00T 20 T
007 810

00T
ssauyno . INOARYI-1IO JnoAgy)
Usi

&

xxx180

07°0-
0T

BUIOJE-}JO

_H%m_m& h_@ m.m%:_voc_ 1X3) 9%9) m_gmU _,,%@Hoc Apoing )

<) |9h9] 95 YT ') UDIS xxx xx x
0- aIniglo
Y *@mo hm%%mwgé
. efld nong &o
omoo._”o ***mmoo mm_%
w? a___QSM_Q AIv
BUIOJR Aujioeidanoy
Usi

(8¢ = "J'p) saa6uty ysl) pa009 1o} SajqeLIeA AIOSUBS Usam)aq| XLITEW LOMBIRLID) '§ 8jgel

(dj0ume se) aured auy Aq pasn Burag (5—T) a[eas ayy Jo sbuel Ly MoS Saanj 953U |

90 760 167
e 06°€ 0vT
096 6v'9 'L
657 8e'S 98¢
2INISION ssauyfino | INOARJI-1IO

T
86°¢
A
187
Jnone|
Usl

65T ST alenbs

_ . Ueall _gﬂ_m&

6T ¢ ealll

. _ ajduwes wnuiiy

6.9 £e's el

. |cluures winclixepy

8L¢ €0y Uesl\
BLOJE-1IO RUIOJE
Usi

s4a6u1} sty Joj arenbs UeaLl [enpisal pUe SUeaLl a{dLues WL ‘SUeaLu a|dLues WnLWIXew ‘s3400s Uealll jsued alse] v 9jgeL



400 G. M. Laslettand H. A. Bremner

Data splitting, by using the same criteria as for the minces confirmed equation
(3). But when the data Were_sPht by chronolo%lcal order into 18 estimation
points and 17 validation points the a%reemen between the square of the
correlation coefficient Epredmted vs. observed acceptability) from the data
sph_ttmg (0.62) and that from_the multiple regression (0.9_23/ was not as good
as in the case of the minces. This was because the validation set (by chance)
contained no points near the extremes of acceptability. The actual difference
between predicted and observed acceptability however, was below 1 scale unit
for all the 17 points, a satisfactory situation. _ _

The stepwise regression included off-flavour, and one of the minor variables,
flavour, whose correlation with off-flavour was low, Off-flavour presumably
_rePresented the off-variables, and flavour may have incorporated some of the
influence of aroma, since their correlation was 0.66.

Analysis ofeach taster$ results

The results for each taster were analysed for their similarities and differ-
ences. The correlation matrices for each taster varied and hence no single
matrix, which could represent the whole panel, could be constructed from
them. The median values of the correlation coefficients between the variables
for the ten individual panellists were close to the results in Table 3 for the
panel means, except in three instances all mvolvmg the texture variables. The
correlations between moisture and flavour ran?e from —0.29 to 0.24 (cf.
—0.47 Table 3), and the correlations between toughness and flavour ranged
from —0.15 to 0.43 (cf. 0.44 Table 3). While the median correlation hetween
moisture and _touqhness Was not as hu{h as for the panel means (—0.76 Table
3),_e|(iht individuals showed substantial negative correlations between the two
variables, ranging from 091 to —0.34. ° =

All ten tasters showed ne%atwe correlations_hetween acceptability and off-
flavour (—9.78 to 0.17), Detween acceptability and off-aroma 2/ 0.68 to
—0.11) and positive correlations between acce;])tabnny and flavour E0.06 10
0.87) and off-aroma and off-flavour (0.27 to 0.76). The only other substantial
correlation, was that between toughness and moisture.

Performln? all possible [e%ressmns for each taster revealed that strengths
of effect of the sensory variables were different for different tasters. A sensory
variable was defined ‘as ‘of major importance’ if its maximum percentage
variance accounted for was greatér than 10%, ‘of minor importance’ otherwise
(no maxima occurred in the range 10—17%). A sensory variable was defined as
dominant for a taster if its minimum percentage variance accounted for was
greater than the maximum of any of the other variables. On these bases flavour
was major for eight tasters (dominant for two tasters), the off-variables were
major for nine tasters (one dominant), texture was major for seven tasters and
aroma was major for two tasters. o _

Desthe_ quantitative differences between tasters, qualitative conclusions
from the individual results were virtually the same a from the panel means.
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For the fish fingers the medians of the correlation coefficients hetween the
variables for the ten individual panellists were similar but slightly lower than
the results for the means listed in Table 4, apart from those mvolvm? to_u_?hness
and moisture. All tasters had negative correlations between accep abll|5 an
off-aroma d(-0.7_6_ to —0.08) and acceptability and off-flavour (—0.90 to
—0.412 and positive correlations between flavour and aroma (0.28 to 0.72),
and off-flavour and off-aroma (0.48 to 0.89%. The association between flavour
and off-aroma was ne%atlve and weak (—9.62 to 0.03), as in Table 5. Of the
correlations involving texture, that between toughness and moisture was the
only one which held” convincingly for most tasters (—0.71 to 0.03). All other
correlations were weak, and varied in sign from taster to taster.

In _dom% all possible regressions for each taster, aroma and flavour were
combined Dbecause of their rposmve correlation. All tasters had the off-variables
as of major importance (four dominant), flavour and aroma were of major
importance for nine tasters (one dominant) and texture was of major importance
for five tasters. _ , _

The off-variables were confirmed as the most important predictors of acceﬂt-
ability of the fish fingers. The panel means did seem to underestimate the
importance of flavour and aroma.

(¢c) Comparison between fish minces and fish fingers

The predictive equation (2) found for minces was different from that found
for fish fingers ](3{) and theré were some differences in their respective corre-
lation matrices (Tables 3 and 5). _ _

The equations and correlations were derived from different data sets, 69
scores in the case of minces and 35 in the case of fish fingers. Furthermore the
fish minces and fish fingers were scored on the same scale system but the scores
themselves were not necessanlr comparable since the panél was asked to mark
the acceptability of the samples as representatives of the form in which they
were Presented (i.. as minces or fish fingers). Fish fingers are universally more
acceptable than fish minces so that an acceptab|I|P/ score of five for both did
not mean that they were equall¥ acceptable as foods. Moreover, no session
was conducted scoring the two forms together. Strictly speaking it was thus
not admissible to examine the reasons for the differences in the equations.
Nevertheless, it is of great practical importance to ascertain whether taste
results obtained on minces can be used to predict the acceptability of products
made from the minces, in this case fish _fmgrers. Therefore, the largest ﬁossmle
subset of comparahle fish minces and fish Tingers was selected from the total
data set on the basis of being made from the same material, whether fresh or
stored. This subset comPrlsed 22 data points derived from fourteen species,
eight of which had repeat samplings. _

Stepwise regressions on these stibsets produced two equations;

Minces A =253+0.90F —0.45 oF -0.23 (T —4.48)2 (4)
Fish fingers A - 4.82 +0.53 F —0.72 oF (5)
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These were similar to the previous equations (g? and ?3) respectively.

_ Examination of the interquartile ranges (Table 6) Tor the minces and fish
fm?ers indicated that the scores for the minces covered a wider portion of the
scale than for fish fingers. This was particularly the casewith off-aroma, flavour,
off-flavour and toughness scores. Toughness may not have entered the equation
;oer) fish fingers since its range (3.9 to 6.5) is less than with the minces (3.2 to

_' orrelations between minces and fish fin?ers for each variable are presented
in Table 6. Those for acceptability and off-flavour were not high. The latter is
of i)arncular concern, since off-flavour was the best single predictor of accept-

ability of the fish fingers. Further, a stepwise multiple regression analysis (on
Table 6. Inter-quartile range correlations for seven sensory variables from
t\ﬁenety-two com arglfjle pglnlg ofarrﬁmces ané ?l@ﬁ {ingers i
Inter-quartile range Correlation
. o ions
Minge Fish fingrs LR
Fi 0.75 0.67 0.60**
Chtl 1] 066 0a1e
Flfgfh flavour 1.37 091 (.55**
Oft-flavour 152 0.82 0.45*
Toughness 152 0.79 0.65**
Mol tur%_ _ 0.82 0.70 QT
Acceptability 0.78 0.89 041

* xk ke gignificance at Fo level (> 0.42), 96 level (> 0.54) and 0.1% level
(> 0.65) respectively

the panel means), using the sensory variables obtained on the subset of minces
to predict the acceptability of the' fish fingers made from them, resulted in a
non-significant regression in which the variance accounted for was only 18%.
This was primarily because the lowest correlation®in variables between minces
and fish fingers were to be found in those particular variables which most
influenced the prediction of acceptability of fish fingers. For some individuals
there were insufficient data points (due fo absenteeism) to determine a reliable
correlation hetween fish fmqer acceptability and mince variables. N

The above results suggest that taste Panel work to determine acceptability
must be done on the Tinished product, not on the raw material. A similar
conclusion was reached hy Ruello & McBride (1973) in work on two different
species of prawns which ‘were compared as hoiled prawns or as fried prawn
cutlets. A reversal of taster preference was found according to the manner of
Presentatjon of the product, This does not exclude the possibility of putting
he relationships of the individual variables to predictive practical use where
the correlations are high, as for example with moisture.



Evaluating acceptability offish products 403
Conclusions

This paper outlines an approach for analysing taste panel data and discusses
the, problems involved in unravelling the effects of (at times) related sensory
variahles on the acceptability of fish minces and fish fingers.

For fish minces, it was inferred that _ _

?a) off-flavour and off-aroma were not correlated with their comPIements
tIa\/lour and aroma, and hence it was appropriate to score both in the taste
fal, . . .

(b) in_this study aroma had little effect on acceptability although in different
experimental circumstances it may prove important and _

(c) texture, the off-variables and flavour were the important predictors of
acceptability, particularly in combination.

For fish fingers, it was inferred that _ o
(af) the off-variables were the most important predictors of acceptability, with
off-flavour alone a very good predictorand 3
(b) aroma, flavour and texture were poor predictors of acceptability.

Overall, it could be concluded that taste panel work to determine accept-
ability of fish fingers should not be done on the minces.

The regression relationships contained in this paper will not apply to samples
where the high correlations reported here, are not maintained, nor to any
other situation outside the sco?e of this work. Nevertheless, the implication
of this work is that off-aroma, flavour and off-flavour are just as important in
determining acceptability of frozen fish products as texture variables. Much of
the research work on fish has, however, been directed towards determmmg
changes in textural qualities. Textural changes lend themselves to controlle
measurement by ohjective methods whereas the detection, of flavour changes
is difficult and” relies on the use of sophisticated analytical equipment ch.
McGill, Hardy & Butt, 1974I), or taste panels. At present; the taste panel is the
most useful and versatile tool for this work.

Acknowledgments

The authors wish to acknowledge the skilled technical assistance of Ms A.
Wnaght and Ms K. Hales in conducting the taste panels and of Ms E. Longmore
in data processing. The useful and stimulating discussions with Dr June™Olley
are also gratefully acknowledged. The work was supported by a grant from the
Fishing Industry Research Trust Account.

References

Banfield, C.F. & Harries, JM (1975)/. 10,1
Breggner, ?I.Ag(w 1a) Proc. (Fish E)xpoFd’7£e§2rr|]1(;rl1ar, p. 319. Aust. Govt. Publ. Serv., Can-
Ia.



404 G. M. Laslettand H. A. Bremner

Bremner, HA. (19770) Fd Technol., Aust. 29, 89
Ergmﬂgr Il:ﬁe %9;70 Fd Technol, Amt. 29, 183,
\ Fd Technol A st

Bremner HA. gg?relld, Pj 19783 In: Proceedmgs of the Indo-Pacific Fisheries Com-
missign, Symposium on Fish Utilization Technology and Marketing in the IPFC Region.
Menia, [PFC7 g

Bremner HA, Laslett, GM & Olley, J. (1978)/. Fa Technol. 13, 307.

Connel .&HOW ate, P.F. (196 [ sei Fd Agric.

onne” J. &Howgate, PF. 1989 sei. Fd Agric. 20, 465,

onne JJ & Ho Igate, P.F. (1 (1) In: Fish Inspect|on and Quality Control, (Ed by R
re 761), £ 1 |h%%News (Books) Ltd., London.

Jul, M ) In; Progress in Refr|gerat|on Science and Technology, Vol, 1

5) 24 b nPress, New York

Fr nCIS 174 ath. Chron. 3 .
19 ) Psychometr (1) 3
|eIdS or LJ. 763/ sei. Fd Agric. 27, 1044,
TR, 8.9 F Technol 495

Ken aII uIt|var|ate Analysis, . 85, Griffin, London.

MCBUI‘HE%/ % Chem. Senses & Flavor, 1, 17,
CGil, AS., Hartly, R &Burt, JR. (1974)/. sei. Fd agric. 25, 1477,
Nelder JA. et al. 1977 ENSTAT:_A General Statistical Program Release 4.01. The
Sﬁatlstrcs Department:_Rot amg ed Experimental Station.
RUhE|0 JHG%D%?T"I‘:’E?' J[L) 11977 7|sherman ggSydney 4(9), 4
Fq Sei
gnegecor GW. & Cochran, WG, ()19673 statistical Methods, 6th Edn, p. 398, 402, 394,
owa State Untversity Press, fowa.
nee R.D.(1977) Technometrics, 19,415,
SneII EJ. 964) Biometrics, 20, 592,

(Received 3 January 1979)



J. Fd Technol. (1979) 14, 405-419

Development of an emulsion-based product from minced
silver carp in Israel *

S. ANGEL and Z. G. WEINBERG

Summary

Minced whole fish, fillets, remains after filleting, and connective tissue of silver
carp were employed in various combinations to produce an emulsion-based
product. A fairly firm-textured emulsion product could he obtained with 30%
minced whole silver carp + 70% minced or ground fillets. The remains after
filleting gave the poorest products in any combination with the other kinds of

eat.

It is concluded that experiments need to be carried out with mixtures of
fish species in_order to increase the amount of whole fish mince that can be
used In emulsion-hased ,orpducts and perhaps also to enable the inclusion of
minced leftovers after filleting of silver carp.

Introduction

In continuation of work on the development of further processed products
from fish in Israel %\ngel & Baker, 1977), investigations are reported on the
production of fish hologna sausages from whole and/or parts of silver carp
fish. Tanikawa (1963) reported on the production of fish sausages in Japan
and frozen minced fish is used to produce Surimi from which Sausages an
other products are made _{Flsh_enes Research Board of Canada 1972?. How-
ever, as Grabowska & Silorski (197_6%, Karmas & Turk (1976) and others
have claimed, the leftover parts of fish after filleting lack water-binding pro-
perties, and sausages made from mechanically deboned (minced) fish™ flesh
often lack the desired texture. o _

The aim of these investigations was to utilize silver carp carcases minced
after filleting - alone or in" combination with ground or minced whole fish
or fillets —to produce a good-textured sausage.

Voi%urt]igc&rs’téaldngess:B([)))i(v%si%rgto[;aI;%oq rTglchnology, Agricultural Research Organization,
Seontrbuton '?fom the ‘Agricitural Besearch Organization, The Volcani Center, Bet
Dagan, Israel. 1978 series no. 263-E. o
0022-1 163/79/0800-0405 302.00 © 1979 Blackwell Scientific Publications
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Materials and methods

Raw material

One to 3-daK-oId whole iced silver carp were bought on the local wholesale
market, brought to the laboratory, cleaned, eviscerated, headed, skinned, and
then kept overnight at 0°C. Some of the fish were filleted by hand, and the
fillets and frames were also kept overnight at 0°C.

After overnight storage at 0°C, the following operations were performed:

&a) Some of ‘the fillets were ground in a precooled grinder with 3 mm end
plate. These were referred to as ‘ground fillets’.

(b) The rest of the fillets were_passed through a small meat/bone separator
(Yanagiya Meat Bone Separator). These are referred to as ‘minced fillets’.

(Ic) fle tissue remaining on the external surface of the deboner screen was
collected, separated from bones and tendons by hand, spread on atraY,_frozen
until stiff, and ground. This is referred to as ‘connective tissue’. Protein level
of the ‘connective tissue”and ground fillet was determined by micro-Kjeldahl,
and h droxggrolme according to the international standard 1SO method
(ISO/DIS 3496-2, 197?. _

d) Whole fish passed through the deboner is referred to as ‘MDF-whole’.
e) Remains after filleting were mechanically deboned. This is referred to
as MDF-fr.’;MDF-frames)._ _ _

The meat from the five kinds of raw material was used for the Freparatlon
of bologna, an emulsion-type product. Samples contained the following raw
silver carp fish meat combinations:

100% ground fillet

100% minced fillet

10% ground fillet + 30% MDF-whole

10% ground fillet + 30% MDF-fr,

70% minced fillet + 30% MDF-whole

710% minced fillet + 30% MDF-fr,

100% MDE-whole

100% MDF-fr. o

80% MDF whole + 20% ‘connective tissue’

80% ground fillet + 20% ‘connective tissue’

80% MDF fr. +20% ‘connective tissue’

80% minced fillet + 20% ‘connective tissue’

Product preparation

~The meat at 0°C was chopped in_a silent cutter (Scharfen, Gerr_nany), in an
air-conditioned room, for 3 min (with two 30-sec pauses for cleaning the flesh
which clung to the cover). The following ingredients were added per kg: 20 g
NaCl, 5¢ Kena, 5¢ sodium glutamate, 2 ¢ potassium sorbate, 0.4 g sodium
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erythrobate, 0.1 g sodium NO2, 3¢ garlic powder, and 100 g hydrogenated
soybean oil (slip point 34%). The emulsion” which was obtained” was stuffed
(with a manual stuffer) into cellulose casings, and stored overnight at 0°C. The
next day the products were brought to room temperature and cooked in a
smoker %Afos-mml Kiln), without Smoke, at 82°C, to an internal temperature
of 67—68°C as determined by a thermocouple. The ?roducts were cooled and
keP\/tl at 0°C. Five sausages were prepared for each treatment combination. |

‘Moisture and fat content of the five kinds of raw meat were determined
with an Ultra X-70 apparatus r(Groner, West Germany(}. The Dbasis for this
determination is evaporation of moisture using infrared radiation, and then
extracting the lipids with petrol ether, and evaporating the solvent with the
infrared Reat source. _

Shear press determinations were made using a Lee Kramer Shear-Press.
FoIIowmﬁ_ cookmg and cooling to 0°C the_bo_logna-t%pe products were sliced
(5 mm thick) and arranged in one layer insidé a Kramer Shear Cell. Ram
speed was 0.11 cm/sec, and. determindtions were made using a 2501b ring,
Juplicates were carried out in each case. The dial on the proving ring had 20
divisions, with each division equivalent to 1.91b/in2 _ _

Light micrographs of the products were made by preparm? frozen blocks in
a Slee Cryostat Microtome. Sections of 10 jum were_mounted on slides and
stained b)(/)MlIIl am’s Trichrome stain (Humason, 1967) for proteins, and with
Oil Red O or Sudan Block B for lipids. The slides were photographed with a
Nikon research microscope using an AFM camera. _

Scanmn% electron mmrogﬁraphs of the samples were prepared by dehydrating
blocks of 5mm thickness rough a series of alcohol concentrations and then
through acetone. From these blocks small samples were dried in a critical
point”dryer (Polaron, En_?_land), gold coated, mounted on stubs and ohserved
at low and medium magnifications in a Cambridge 180 scanning electron micro-
scope. Photographs were taken from the CRT with a Nikon 35 mm camera.

Statistical analysis
E&;sults were analysed according to the Duncan Multiple Range Test (Duncan,

Results and discussion

Table 1 shows the moisture and fat contents of the different kinds of raw
materials. The results are means_of four experiments performed in duplicates.

Only the connective tissue differed significantly (P<0.05) from the other
meats "in moisture and fat content. The hydroxyproline content of the
‘connective tissue’ was 2.2% of the total protein N"as compared with 0.63%
for the ground fillet, thus verifying the fact that this was collagenous tissue.
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Table 1. Moisture and fat content of the meats

Meat sample Moisture (%) Fat (%9
Ground fillet . A4
Mingg tﬂ eet 7%% gl
Vb e I82 2
Connective tissue ~ 66.8 150

Table 2. Shear press values of the tested fish products

Treatment Shear press units
100% MDF-r. o 0.85"

80% MDF-fr. + 20% connective tissue (.89

10% Minced fllloete + 3% MDF-r. 88%

0% (I)\/IDF-wh_oIe + 200 connective tissue 1.0

10% Minced ?l et + 3% MDF-whole 1.80

10% Ground fillet + 30% MDFr, 1%

10% Ground fillet + 3% MDF-whole ~ 2.20

00% Grouna_nllet 280 —

%}/Gm#]rgd ﬁlhelte Er 2% connective tissue3'24886
A% Mince ?ilflet + 0% connective tissue 3.53

Ground fillet contained 6.4% fat and minced fillet 3.1% fat; due to the variance
between samPIes these differences were not significant (fat P<0.05). _
~Minced fillet had half the fat content of ground fillet, while ‘connective
tissue’” had five times as much fat as the minced fillet. Thus, the fat of silver
carp fillet which is minced in the deboning machine is lost together with the
‘connective tissue’ durmgf_ mechanical_deboning. Whole minced fish (MDF-
whole) or parts left after Tilleting (MDF-fr.) had ‘a somewhat higher fat content
than_minced fillet. This_is in agréement with the f|nd|n%s of Angel & Baker
?_1977). There was no sugmﬂcant difference between 3.1% fat of the minced
Illet and 5.0% to 5.4% faf for the MDF and MDF-fr. _

Table 2 presents the list of the products in order of increasing mean shear
Pre_ss values (each value being the ‘mean of five sausages, which were tested
Wice).

_ The differences between values within groups bracketed by the same vertical
|I|:r)16 are not significant, and values below that line are significantly different

=0.05).

The 80% MDF-whole + 20% connective tissue product had a value of 1.80 as
compared with values of 0.85 and 0.91 for 100% MDF-fr. 80% MDF-fr. + 20%
connective tissue, 70% minced fillet + 30% MDF-fr. and 100% MDF-wholg, and
the resistance to shear of 80% MDF-whole + 20% connective tissue was signifi-
cantly higher than that of the other products. 100% ground fillet has a value of
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2.80 and was suz_mflcantlg more resistant to shear than the 80% MDF-whole +
20% connective tissue (1. Og. _ _

Shear values between 2.6 and 3.53 were obtained for various rqrou_nd and
minced fillet products of silver carp. These were not s_|ﬂn|f|canty different
from the value of 2.80 obtained with the 100% ground fillet. However, 100%
minced fillet and 80% minced fillet + 20% ‘connective tissue’ were hlﬂhly
significantly more resistant to shear than 70% qround fillet + 30% MDF-whole
orany of the MDF products (which ranged in values from 0.85 to 2.20).

E|%ure_s 1-16 are microphotographs, of the products and raw material from
which_ fish bologna was prepared. Figures 1— and Figs 13—16 show the
emulsions of the various Eroducts. The best emulsions can be seen in F|%s 1
2, 3, 13 and 14 Fiqures 1 2 and 3 are 70% minced fillet + 30% MDF-whole,
70% ground fillet +30% MDF-whole, and 80% MDF-whole + 20% connective
tissue, resdpectlvely. F|?ures 13 and _i4 are. SEM preparations of 70% minced
fillet + 30% MDF-whole and 80% minced fillet + 20% conn, tissue. The photo-
graphs show a fine protein matrix and small, well dispersed fat droplets. The
microstructure of the matrix of good emulsion has previously been demon-
strated by Theno & Schmidt (1978%, who hotograp_hed sections of commercial
frankfurters and compared them with SEM preparations.

e

e Eaen
Figure 1. 70% minced fillet + 30% MDF-whole. M= unchopped muscle.

Figltjr_es 1—7 are light micrographs of 10pm cryosections X100, stained for
proteins,



B,

Figure 3. 80% MDF-whole + 2% CoNnective tissue. M:hcnopped muscle;

CZ= connective tissue.



-

igure 5. 70% ground fillet + 30% MDF-whole.



< & L ?r e
Figure 7. 80% MDF-fr. + 20% connective tissue.
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Fairlél good emulsions can be observed in Figs 4 and 5 (100% ground fillet,
and 70% ground fillet + 30% MDF respecnvelie. The poorest emulsions were
obtained with 100% MDF-fr, EF|g. 6) and 80% MDF-r. + 20% connective tissue
(Fig. 7). In the figures with the poor emulsions one can see large areas of un-
chopped muscle and ‘connective tissue’. Figure 15 is.a SEM preparation of the
80% MDF-fr. + 20% ‘connective tissue’. Figure 16 is an enlargement of one
area of the collagen fibres. _ _ _
Figures 8—L2 are micrographs of the raw material used in the preparation of
the Rroducts. Fl?ure 8 (MDF-fr.) shows that the muscles were for'the most part
crushed and lost their identity. In Fig. 9 (MDF-whole), the muscles retained
their character, but show signs of compression. Figure 10 and 11 are cross-
sections of the muscle fibres of the ground and minced fillets, respectively.
There was elongation of the muscle fibres in the ground fillets, and the minced
fillet fibres were elongated, compacted and distorted. Figure 12 shows distorted
collagen fibres from the ‘connective tissue’ separated from the minced fillet.
There was falrIF good agreement between an increase of shear press value
and emulsion quality as observed by the micrographs. Products prepared from
MDF silver carp leftovers after fllletmq, whether Wh0||?]/ from MDF-fr. or mixed
MDF-fr. and minced and ground fillet, had lowered shear values and gave poor

HIQUIE 8. MDF-fr.

raphs of 10pm. cryosections of raw material used
By toluicihe bl 00,

mﬁﬁl o tht o y toluidine

ologna prodlicts, stain
2



Figure 9. MDF-whole.

3

Figure 10. Ground fillet.



Figure 12. Connective tissue. x0.
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Figure 13. (0% MINced fillet + 3o MDF-whole. x 100,
Figures 13—16 are SEMmicrographs of fish bologna products.

emulsions, while products from MDF of whole silver carp gave higher shear
press values. The best emulsion formations ap&ear_e_d with the minced fillets
and these also gave the highest shear values. Addition of ‘connective tissue’
in all cases increases the shear press values of the corresponding products.
Bolo%na prepared from 100% MDF-fr. or 100% MDF had a lower shear value
than the corresponding product mixed with ground or minced fillets.

In some isolated cases there was no agreement between increase in shear
press value and the quality of the emulsion as seen in the micrographs. This
may have been due to randomly dispersed connective tissue, which increases

Figure 14. 80% minced fillet + 20% connective tissue, x 100.
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the resistance to shear. In the vicinity of the conngctive tissue (which had the
?&gheat) fat content), there were cases where emulsion formation was improved
1. 3).
Igro_m the proximate composition of MDF-whole and MDF-fr. in Table 1,
there is no e_xPIanatwn for the higher shear value of MDF-whole over MDF-fr.,
or for the differences between ground and minced fillet. However, during the
deboning ﬂrocess It was observed that the MDF-fr. was ve_ry loose textured and
watery, while the MDF from the whole fish (and the fillets) was more rigid
and could, for instance, be rolled into a ball. An explanation for this can be
found in the literature (Grabowska & Silorski, 1976f Although the moisture

Figure 16. 80% MDF-fr. + 20% connective tissue (collagen fibr), x 3000.
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content of the MDF and MDF-fr. did not differ (rsee_ Table 1), the ability of the
protein in the MDF-fr. to hold water appeared inferior to that of the whole fish
and fillets, and the water separated fo.IIowm% mincing. The nature of the fish
protein from the various raw materials is now the subject of investigation.

Conclusions

The above results indicate that minced silver carp could be used at a level of
%‘Fﬁ tto 30% to prepare the emulsion-hased product with either ground or minced
illet.

There was no significant difference in shear press value for the products from
the mixtures hetween 70% ground fillet + 30% MDF-whole and 70% minced
fillet + 30% MDF-whole (see Table 2). In order to avoid possible bone fragments,
minced fillets could be used for the preparation of such Products. _

The above proportions of MDF-whole and minced fillet produced an emulsion-
type product of satisfactory texture, requiring no addition of non-fish binders.

It Is possible that, minced meat from various fish species could effechvelx
be mixed to produce s_tronP-textured emulsion-type products. The use of suc
a mixture might conceivably increase the proportion of MDF-whole that could
be dmn;ed with ground of minced fillets to produce firm emulsion-based

roducts.

: ‘The use of MDF from several species m|?ht also enable a certain amount of
minced fish prepared from the leftovers after filleting where such operations
would exist, to be utilized to prepare emulsion products without adversely
affecting their texture.
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Preliminary studies on the storage stability of intermediate
moisture beef formulated with various water binding agents

J. CHIRIFE*, 0. C. SCORZAI, MARIA S. VIGO*,
MARIA H. BERTONI! and P. CATTANEO$

Summary

Samples of intermediate moisture beef (water activity * 0.83) were prePared
by ‘moist-infusion’ using different combinations of water binding agents (or
humectants) and stored for 60 days at 27 and 34°C. Humectants utilized
included glycerol, sodium chloride and sucrose. |\/|ICI’ObIO|O(1ICa|_ analyses were
performed on samples after storage at 34°C and the results indicated good
microbiological stability. _ N

No significant loss ‘of available lysine —as measured by the fluordinitro-
benzene ‘method —was observed in ang of the intermediate moisture beef
samples after the storage period either at 27 or 34°C. The possibility of sucrose
hydrolysis during storage, in sucrose-containing samRIes, was, also investigated,

e results indicated a lack of significant sucrose hydrolysis over the period
of storage considered.

Introduction

In recent years with the advent of intermediate moisture pet foods there has
been a resurgence of interest in intermediate moisture foods (IMF) for human
consumption, However, with the prospects for the deveIQPment of IMF, for
human nutrition there isa great need for studies on the quali g and mechanisms
of deterioration of such foods. A good example of such studies may be found
in a_series of papers by Obanu, Ledward & Lawrie ;1975a, b, ¢) who have
s%udled the state of the proteins of glycerol-salt infused IM meat during
storage.

Ngnenzymic browning is specially important in IMF because the rate of this
reaction usuall\l/[v has a maximum in the range of water activity (aw) corre-
sponding to IMF; e.g. 0.65-0.85 (Labuza, 1972; Lea, 1958; LonCin, Bimbenet

Authors’ addresses: *Departamento de Industrias, Facultad de Ciencias Exactas y Naturales,
niversidad de Buenos Aires, Ciydad Universitaria, Nupez 1428 Buenos Aires, Argentina,
Sasetru, S.A. Laporatorio Central Invh¥ Desarr,ol,lo,RlvadaV|e1 869, Buenos Arres, Capital,

Argentina and JDepartamento de Quintica Qrganica’ (Bromatologia), Facuitad de’ Ciehcias
Exactas y Naturales, Universidad de Buenos Alrés, Ar?entlna.
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& Lenges, 1968). Nonenzymic browning can take place when reducing sugars
and proteins react in the presence of water to form brown pigments. This results
in the P_roducnon of off- flavours and loss of solubility and %[otem nutritional
value (Lea, 1958; Schnickels, Warmbier & Labuza, 1976). This loss of protein
nutritional value is mamh( due to reactions involving primarily the e-amino
groups of lysine. Several solutes also called humectants are usually incorporated
in IMF to lower the aw to the desired rangle. These water biriding agents or
humectants include po%ols, sugars and_ salts (Kaplow, 1970; Bone, 1973;
Heidelbaugh & Karel, 1 55 and ma()! be incorporated in the food by different
techniques (Brockmann, 1970; Heidelbaugh & Karel, 1975). Because of the
nonenzymic problem the use of reducing sugars as water bmdmg agents, such
as com syrup solids, is not convenient for IMF formulations. Schnickels et al.,
F1976) and Warmbier, Schnickels & Labuza (1976) showed that a significant
oss of available lysine occurred in IM model systems containing glucose and
proteins when stored up to 2 months at 35 or 45°C, _ o

The Furpose of the present work is to study the loss of available lysine in
stored IM beef prepared by ‘moist-infusion’ using different combinafions of
humectants. These humectants included, glycerol, sucrose and sodium chloride.
The role ofsucrose in the susceptibility of protein beef to nonenzymic browning
damage was particularly considered.

Experimental part
Preparation of IM beef ( moist-infusion )

Post-rigor beef trimmed of visible fat and connective tissue was cut into
small_pieces of about 1.5 X 1.5 X L5 cm. The pieces were immersed in different
mfusm? solutions conte_u_nm%_ predetermined amounts of various solutes and
water fo give after equilibration a water achwtz of about 0.83. Tahle 1 gives
the composition of the infusing solutions. The beef pieces were cooked in the
infusing solutions for 15 min at 85°C. Heat was then removed and the beef
pieces allowed to equilibrate overnight at room temperature. A small amount

Table 1. Composition of the infusing solutions
Percentage weight in infusing solution

Component i 2 3 4 5 6 7 8
Sffdium chloride B4 19 149 199 109 %8 58 10
i wi o wg ws B 43 as B
SUcrose S (L A (I A — 11'.3 30.9
Potassium sorbate 053 059 059 060 060 060 060 0
Sodium bISU|phItF. - - 02 - 02 - 02 02
Weight raio: U 30 20 20 20 20 12 18 20
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of citric acid was added to adjust the pH to the range 5.5—5.8. Potassium
sorhate was added to all solutions as antimycotic agént. Sodium bisulphite
(browning inhibitor) was also added to some |nfu5|ng1_solu_t|ons after they were
cooled at"room temperature, At the end of the equilibration period the pieces
of heef were drained for 10 min and analysed for water activity, pH and
moisture content, _ _

Mmsture_-groof pouches (Trenel, Ducilo) were packed with about 400 9 of
IM beef without vacuum, heat sealed, and stored at 27 and 34°C in constant
temperature rooms for 60 days. At the end of the stora%e period the samples
were removed and analy{sed or available lysine, total and reducing sugars and
microbial count. Control samples were stored in a freezer at —30°C.

Analysis

Water activity of the IM samples was determined at 27°C by an electric hydgro-
meter indjcator (Hygrodynamics, Inc.). The sensor was checked a?amst standard
e temperature

salt solutions for accuracy. Various precautions such as adequa ol
e Ceter-

control, equilibration time, etc. were taken in order to obtain accura
minations of aw (Labuza etal. 1976’2/.I o

The pH of homogenates of the IM samples in distilled water was measured

with a glass electrode. _ o _ _
. Moisture content was determined gravimetrically by drying 3—5 g aliquots
in a vacuum oven at 70°C for 48 hr. For %cherol containing samples a gravi-
metric procedure at 40°C was utilized in order to avoid evaparation of glycerol
(Favetto, Chirife & Bartholomai, 1978). o

Available lysine was determined by the fluordinitrobenzene (FDNB) method
of Carpenter modified by Conkerton'& Frampton (1959). N

The total and reducing sugars were determined according to AOAC Official
Method 22.043 %1965), AQAC Official Method 29.038 E11965) and AOAC
Official Method 29.026'(1965). _

For microbiological tests 100 g of sample were blended with 900 ml of
0.1% peptone-distilled water. Aliquots were taken for the standard plate
count ‘(at 35°C for 48 hr), anaerobic spore formers (SPS-Agar, Merck Art,
10235 at 35°C for 48 hr), Enterobacteriaceae SResuscnatlo_n: Medium M9,
35°C, 3hr: Enrichment: “Mossel Broth 35°C, 18 hr: Isolation: MacConkey
Agar + 1% Glucose, 35°C, 18 hr), Staphylococcus aureus (Baird-Parker Medium
gtd35°c, for 48 hr) and yeast and mould count (OGA Medium) at 27°C for

ays.

Results and discussion

Prediction ofaw of infused IM heef samples

Ross (1975) proposed a simP_Ie equation for estimating the water activity of
complex mixtures. Ross’ equation is based on the Gibbs-Duhem relationship
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and may be written as
W f=W iW )2W)3... (i)

Equation_ (1) assumes that in a food system each aw Iowerm% component
behaves independently. The final aw, (aw)f, is a product of each component
water activity, (a£,)i, («wE, (2,)3++* hased on its being dissolved in all of the
water in the szlstem. o _ o

As_summg that equilibrium was reached between heef pieces and mfus_mq
solutions (Chirife, 1978) Ross’ equation can be utilized to calculate the fina
(or equilibrium) water activity in the beef pieces, from the following data:
Initial moisture” content of beef, ratio of initial beef weight/solution weight
and solution composition. In addition it is needed to know the aw lowering
effect of each individual solute. The aw Iower|n(_1_effect of the solutes used in
this work have been obtained from the following Titerature data:

glycerol: National Bureau of Standards 1951%

sodium chloride: Robinson & Stokes &1 59)

sucrose: Robinson & Stokes (1959), Norrish (1966).
In view of the relatively hqh moisture content of IM beef samples, the aw-
lowering, effect of non-soluble solids (meat solids) was not taken into account
for predicting aw (Chirife, 1978). Table 2 shows the results of the application
of Ross’ equation (Eqn 1 to the various infused IM beef samples as compared
to experimental aw measurements, It can be seen that the agreement hetween
measured and predicted values is fairly good. Table 2 also shows the moisture
content and pH of the equilibrated samBIes; moisture content of the various
samples ranged hetween 35.8-51% (total basis).

Microbiological analysis

_ Onlr samples stored at 34°C were subjected to microbiological anal%ms. All
eight IM heef products were in good microbiological condition after 60 days
storage. With the exception of three samples for which the standard plate count
(SPC? was between 400 and 1000, all others have SPC ranged between 30 and

Tabl nitigl water activity, moisture content and pH of the different
|naf|aseed2 IMbee samp?es y P

. : Moisture  pH
experimental  (aw) predicted content?%)p

Infusing solution ~ (ow) (

B W
4 I
§ §§ ioo s
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100. Enterobacteriaceae, anaerobic sPore formers and Staphylococcus aureus
were not detected in any of the samples. All samples were completely resistant
to yeast growth and moulds were detected only in four samples having a
modld count of 10 per g of product.

Available lysine and sucrose hydrolysis

Table 3 shows the available lysine content of the controls (kept at -30°C)
and stored (at 27 and 34°C) IM beefproducts infused in the different solutions.
Total sugar (as invert sugar) and reducing sugars (as invert sugar) content of
samples ‘Infused in sucrose-containing solutions, were also determined and
shown in the same Table 3, , _ _

All determinations were made in duplicate and the average_ls shown. It
can be seen that no significant loss of available lysine occurred in any of the
IM samples stored for 60 days at 27 or 34°C, irrespective of the presence of

gnaglgd% CAvallabIe lysine and sugar content of IM beef samples after 60 days storage at 27

Storage \vallable otal educing U
o @ [ G B
|

gzntrol (-30) J | - -
2 gzntrol i-30) 4
3 gzntrol i-30) <
4 gzntrol (-30)
5 gzntrol (-30)
6 gzntrol (-30)
1 g(zntrol (-30) o
8 gjntrol (-30) 1 g ..
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added sodium bisulphite Sbrownmg inhibitor). No significant sucrose hydro-
lysis was found in any of the sucrose-contammrq IM beef samples, as indicated
by the data (total and reducing sugar content) also shown in Table 3.

Sharp & Rolfe (1958) studied the nonenzymic browning reaction in de-
hydrated meat and indicated that the active carbonyl groups which react with
amino nitrogen in the browmn%reacnon were providéd in meat by free reducing
SUgars Fmamly glucose) and phosphate esters. They studied the part played by
the different reactants present in meat and concluded that the aqueous Soluble
substances (obtained by extraction with boiling water) had an important role
in the browning reaction. The results obtained n the present work with stored
IM beef may be explained on the basis of the above observations. The retention
of available lysine durm% storaPe mag be a consequence of the leaching of non-
enzymic browning reactants from Dbeef during cooking and soaking in the
infusing solutions. _ _ _

The "presence of sucrose in heated protein foods may be considered a
potential danger from the point of view of nonenzymic browning reaction. It
15 generally accepted, however, that the rate-limiting step in the reactions
responsible for the browning damage in Mo_tem-sucros_e systems is the inversion
of sucrose to glucose and fructose; the Maillard reactions then proceed rapidly
{Hurrel_l & Carpenter, 1977). Hurrell & Cargenter (1977) did not find loss of
ysine in an aqueous-sucrose solution (pH .43 kept at either 35° C for 16 hr
or at 100°C for 2 hr, nor could they detect re “C'”P sugars in_these solutions
after heating. Only after heating for 4 hr at 121°C [oss of available lysine was
observed. The same authors also heated a ‘dry’ albumin-sucrose mix (pH 5);
heating for Lhrat 100°C onlg slightly reduced its FDNB-reactive lysine but as
the heat frocess was increased the lysine became unreactive to FDNB. Karel &
Labuza (1968) showed that freeze dried model systems containing sucrose and
organic acids underwent nonenzymic browning even at low equilibrium relative
humidities, The browning was due to. reducing sugars produced by the acid-
catalysed hydrolysis of sticrose. Significant hydrolySis of sucrose was found to
occur_at an aw=0.75 and lower. It should be “noted, however, that these
experiments were carried out at a considerably higher temperature (55°C)
and much lower pH than those corresponding to the present experiments
with IM beef. Schoebel, Tannenbaum & Labuza (19_693 studied the Kinetics of
sucrose hydrolysis in freeze dried models at limited water concentrations
stored at 37°C. They found that sucrose hydrolysis can occur in systems in
which the water activity is low and that thesamé kinetics of hydrolysis occur
in the small amounts 0f sorbed water as in saturated solutions. Their model
systems, however, confained a considerable amount of citri¢ acid which cata-
lysed the reaction: in fact, Schoebel et al. (1969) assumed that the pH of the
aqueous phase in the low moisture models was below 2. o _

It may be concluded that although hydrolysis of sucrose in intermediate
moisture’ beef (aw =0.83) theoretlcallﬁ may" occur, the relatively high pH
(5.5-5.8) of the aqueous phase and the moderate storage temperature pre-
vented the reaction over the period of storage studied.
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Conclusions

All IM beef samples showed good microbiological stability after storage at
34°C for 60 days. No loss of available lysine was observed in IM beef samples
infused with different humectants stored either at 27 or 34°C. No 3|%n|f|cant
sijcrose hydrglysw was observed in sucrose-containing samples after 60 days’
storage period.

AI?ho%gh the data presented sug?est a good stability of the s¥stems studied
to nonenzymic browning reactions, 1t may not be concluded that the nutritional
stability will remain unchanged during "storage. As sugigested by Obanu et al.
(19754, b) other changes may occur in the proteins of glycerol-infused IM beef,
such as crosslinking and breakdown reactions. By this reason further consider-
ation should be given to the nutritional value of such proteins after storage.
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Protein quality of milk-cereal based foods for infants and
children in relation to processing methods and composition
of the products*

L, ABRAHAMSSONS, O, BENGTSSONJ, L. HAMBRAUST and H. HOLMS

Summary

The protein quality of milk-cereal based infant foods, i.e. gruel and porridge
BOW ers prepared by different industrial proces_smﬁ methods, was assayed
jological Y et protein utilization (NPU) determinations were made in order
to elucidate causes of previously observed wide variations in the protein quality
of marketed Froducts and to” permit recommendations for improvement of
processing methods and formulations. _ _

In a pre-mix of a milk-cereal based gruel with about 58% of the total protein
content derived from milk, the NPU varied between 15 and 85, deﬁenqu on
E)h? meého_d of roller-drying and on the type of sugar added to the mixture
efore drying.

Heat t%lea?_ment of porridge powder Products was found to reduce the avail-
ability of lysine. Thus when the wheat flour was roller-dried and the milk spray-
dried, the”NPU value was 78. When wheat flour, glucose and milk were all
present on the drum, the NPU decreased to 40. The presence of reducing sugars,
e.0. glucose and fructose, on the drum invariably seemed to result in protein
destruction. The advantages and d|sa_dvanta%es of changing sucrose to fructose,
glucose or lactose in baby foods are discussed.

Introduction

Processed foods for infants and children are commonly used in industrialized
countries. In Sweden ready-to-serve milk-cereal based Qruel powders are given
at 1—2 meals per day to almost all infants after the age of 4—6 months and to
young children. It has long been known that different heat processing methods
may destroy the protein, and decrease its utilization to different extents

+. This paper is listed as No. 2 in the series ‘Protein | ualjg of fogds for infants and children’
pu%shﬁglrb at(?e InstltutteI oft_Nuttntlor,{] Up’tJ_saIa lLJJnl e15| , owe ,en.B 1 ST 2
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(Fairbanks & Mitchell, 1935; Bigwood, 1972). Cereal-based baby foods often
contain sucrose, which increases hoth the acceptab|lléy and the energy density
of these Broducts_ but the choice of carbohydrate used for sweetening has been
under debate. It is well recognized that sucrose is a highly cariogenic Substance.
Dental caries is a health prqblem startln(I} at ayoung age'in Sweden, as in many
other industrialized countries (Holm, 1975)." In order to reduce the risk of
caries, it has been suggested that sucrose be replaced by glucose or fructose, as
these monosaccharides are less cariogenic than sucrose (Makinen & Sheinin,
l971|). However, it is well known that reducing sugars, €.0. glucose, fructose
and lactose, very easily react with protein, i.e. the lysine’in"the Maillard or
nonenzymic _browning® reaction (Bigwood, 1972). This reaction renders the
| smettuna\llgggble and” hence reduces the nutritive value of the protein (Mauron
otw, C . : :
As no data ?rom biological evaluations showing the effect of different com-
Posmons and processing procedures of dried baby food products appeared in
he literature, and as this seemed of importance, a series of investigations were
carried out to elucidate these questions. This paper reports one study in the
series, in which the effect of different processing methods on theprotein
quality of dried milk-cereal baby foods with different formulations was evalu-
ated in order (12 to explain the wide variation of the protein quality of these
types of marketed products found in an earlier study (Abrahamsson & Ham-
bragus, 1977) and (2), to find appropriate methods of production. Some pre-
liminary results from this study were presented at the 2nd European Nutrition
Conferénce (Abrahamsson, Berigtsson & Hambraeus, 1977).

Material

Cereal-milk based gruel products recommended for use in infants from 4 months
of age and Porndge powders recommended from 5 months of age, were evalu-
ated. Both the_gruel and the porridge powders were pre-cooked and thus ready
for use after mixing with hot water. Table 1 shows the composition of the grugl
powder. investigated. The protein content was determingd by analysis, while
ﬂl%antmes of other nutrients were calculated on the hasis of the given formu-
ation,

The corresponding compositions and nutrient contents of the two porridge
powders tested are presented in Tables 2 and 3. Standardized and pasteurized
cows’ milk purchased in a grocery shop were freeze dried and included as
standards, in addition to wheat flour (80% extraction rate) and AOAC refer-
ence casein.

The processing methods of the dried commercial products have been de-
scribed elsewhere (Abrahamsson & Hambragus, 19773. The gruel powder is
commerciall Brocessed as two separate portions (called ‘pre-mixes’ in the
following) (Tanle l%. Pre-mix 1, containing cows’ milk and cereal flour, is

roller-dried,” while the pre-mix I consists mainly of spray-dried cows’ milk
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Table 1 Composition and nutrient content of the model gruel powders tested

Pre-mix |
roller dried
Components ﬁ;/lOO 0)
Oat + oat flour 56
Dried skim milk 25

Carbohydrate added (glucose, 19
fructose, lactose or sucrose)

Fat

Minerals and vitamins

Total 100
Nutrients (g/100 g)
Protein ?N X 6.25) total 16.8
from cow’s milk 9.0

Fat . 12
Lactose from added cow’smilk 133
Carbohydrates added 19
Carbohydrates, fibre, minerals,

water, etc. 49.7
Total 100

Complete product 11

Pre-mix Il (50% of pre-mix |
spray-dried  50% of pre-mix 11)
28
78 51.1

9.5
20 10
2 1
100 100
28.1 22.5
28.1 18.6
20.2 10.7
41.0 21.2
- 9.5
10.7 30.3
100 100

Table 2. Composition and nutrient content of the porridge

powder tested

Components
Wheat flour
Dried skim milk
Glucose + fructose
Apple concentrate
Fat

Salt

Nutrients
Protein SN X 6.25) total
rom cows’ milk
Fat

Lactose from cows’ milk
Glucose + fructose
Carbohydrates + ash

/100 g

40
28
13
12
b
1

/100 g dry material
17

7
17
1
48

10.5
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Table 3. Composition and nutrient content of a cereal-
sucrose-mix tested

9/100 g
Components
Barley flour 50
Wheat flour 20
Rye flour 10
Sucrose 20
/100 g dry material
Nutrients
Protein (N X 6.25) 9.2
Sucrose 20
Fat 1
Carbohydrates + ash 69.8

and fat. Pre-mixes | and 1 are finally mixed together in dried form. In the
first experimental series in this studty) the test mixtures were thus produced
according to the same procedure JTa le 4). Inthe second series, four different
test pre-mixes | of the gruel powder were produced in a pilot plant (Table 5).
These contained sucrose, glucose, fructose or lactose and each variety was
processed in one of the following ways:

() CO, DO, EO and FO with the sugar comdponent added after roller-drying
" and dried to a final moisture content of 4%; _
(i) C),Dj, Ej and F! with the sugar component added before roller-drying
" and dried to a final moisture content of 4%, _
(i) C2, D2 and E2 as in mixes C! to Fj but dried to a moisture content of
1.5%. (Sample F2 was not possible to obtain due to lack of material.)

The mixtures of the tested porridge described in Table 2, were produced in a
pilot plant as follows (Table 6):

(i) G, with only the wheat flour suspension roller-dried, and the spray-dried

—milk as well as the rest of the components mixed in dried form:

(i) G2 with all the ingredients roller-aried:; _

(1ii) G3 with the wheat flour, fruit concentrate and monosaccharides roller-

" dried and with spray-dried milk added afterwards; _

(iv) G4 with the wheaf flour and the cows’ milk roller-dried and the mono-
saccharides added afterwards; o

(v) G5to G, with lyophilized cows’ milk added to the roller-dried mixes G2to
G4 in the same relative amount as the fresh milk recommended to be
served with the prepared porridge.

In order to study the effect of supplementation with lysine, lysine and iso-
leucine, and cows’ milk, res ectlveIY, a cereal-sucrose mix was roller-dried. One
batch with 2% glucose added was roller-dried by conventional methods. Another
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Table 4. Protein qualities of roller-dried gruel pre-mixes type 1 with
sucrose or glucose and their corresponding complete products with
spray-dried cows’” milk

NPU
Typeof
Product No. sugaradded  Test mixture nooX s
Ai sucrose Pre-mix | 3 60 x40
2 sucrose Complete product 3 70 85
Bi glucose Pre-mix | 3 3 32
2 glucose Complete product 3 52 +27

Table 5. The NPU values of roller-dried gruel pre-mix | with addition of different sugars
and with different processing methods

Sugar added
. Moisture content ~ NPU
Test mixture no.  Type of sugar before  after

roller — roller 4% 5% o X sd
drying  drying
Co sucrose X X 3 72 t 23
[ sucrose X X 3 69 +121
2 sucrose X X 3 51 t 48
D0 glucose X X 3 80 1t 33
1 glucose X X 3 3% t 57
glucose X X 3 15 1+ 82
E0 fructose X X 3 83 £ 67
fructose X X 3 48 t 15
) fructose X X 3 30 +11.6
FO lactose X X 3 70 +100
1 lactose X X 3 38 £ 45
Wheat flour . - - 3 38 £ 17
&80% extr. rates)
reeze dried . after 3 8 6.0
cows’ milk freeze drying
Casein - 3 8 0.7

batch without glucose was roasted on the drum in order to achieve a special
taste. To these two batches of pre-cooked and roller-dried cereal mixes, respect-
|vel¥, amino acids and spray-dried whole cows’ milk were added as shown in
Tables 7 and 8. Lysine and 1soleucine were included as they were the first and
the second_ limiting amino acids, respectively, in the milk-cereal mix. _

Total nitrogen “was determined by a modified Kjeldahl method described
el_%ewhere %H%nbraeus et al, 1976). The protein content was expressed as
nitrogen x 6.25.

Ing_the assays presented in Tables 4, 5 and 6, Sprague—Dawley rats from
Anticimex, Norrviken, Sweden, were used, and in the remamm% assays Wistar
rats. The studies on the net protein utilization (NPU) and the nitrogen balance

2*
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Table 7. The effect of lysine or lysine +isoleucine and addition of 2% glucose
on a roller-dried, roasted porridge mix (described in Table 3)

NPU

Type of heat
Type of mix Amino acids added  process nooX s
Cereal-sucrose-glucose  _ not heated 5 55 137
Cereal-sucrose-glucose glucose added 5 47  £3.7

after heating
Cereal-sucrose-glucose  — glucose added 5 25 £2.7

before heatin
Cereal-sucrose-glucose  +4 g lysine/16N glucose added 5 55 £2.0

efore heating

Cereal-sucrose-glucose  + 4 g lysine and glucose added 5 57 £2.2

2 gisoleucine/16N  before heating

Table 8. The effect of dried cows’ milk supplementation on a
roller-dried, roasted cereal-sucrose mix (described in Table 3)

Relative amount of protein derived from

NPU
dried cows’ milk cereal mix (Tahle 3)
(%) (%) nooX s.d.

0 100 5 32  £36
21 73 5 5  £18
42 68 5 66 122
59 41 5 74 £41
68 32 5 70 t6.5

tests were performed using a 10% protein level in the diets. The methods have
been described elsewhere %Abrahamsson & Hambraus, 1977). The NPU values
given in Tables 4, 5 and 6 were obtained from carcass analysis. The BV values
In Tables 7 and 8 are calculated values based on results from nitrogen balance
studies in threg re?llcates with four rats per trial (Eg(t;_um, 1973).

Amino acid data for the chemical score_calculations in Fig. 1 were taken
from the FAO amino acid table (FAO, 1970). Chemical score was calculated
%ﬂe FAO/WHO method, and using the reférence pattern from 1973 (WHO,

Statistical evaluations of means and standard deviations were made by con-
ventional methods. The smimflcances of the differences of the means were
determined by Student’s f-test or by on_e-wa>{ analysis of variance. P < 0.01
and F < 0.005 were regarded as being statistically significant.

Results

The results of the biological assays are presented in Tables 4—8. Table 4
shows that the addition of spray-dried milk can mask prior destruction of
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grotem., The pre-mix Ai with sucrose had an NPU of 60, and Bi with glucose
4, while the NPU values of the complete products A2 and B2 were /0 and
62. The difference between the means of Aj and B! and that hetween B, and
B2 were statlstlcallﬁ significant, _ - _
Table 5 shows the NPU of the gruel powder tested with addition of different
%Ypes of sugar and with different degrees of drying. The NPU values of wheat
our, freeze dried cows’ milk and reference casein are included. In the products
where the sugars were added to four different parts of one batch of porridge
powder after the roller-drying process, the NPU were 72, 80, 83 and 70 wi
SUCKOSE, ﬂlucose,_ fructose and lactose, respectively. These differences were not
statistically significant. Roller-dr mg to a final water content of 4% resulted
in a decrease 0f the NPU values fo 69, 35, 48 and 38, respectively. The differ-
ence between the NPU of the samples in which the sugar was added before and
after heat treatment, respectively, was statistically significant except for
CO—Cx. When the dr |n% was continued to a final moisture content of 1.5%,
the NPU values were 51,15 and 30 in the porridges (_:o_ntamm? sucrose, glucose
and fructose respectwelg. These values were significantly Tower than those
of the control products C0, DO and EQ. o _
Finally, the NPU of the gorndge powder prepared in different ways varied
between 78 and 40 (Table 6). When freeze dried milk was added to these pre-
pared products in the same ‘relative amount as when the prepared porridge is
served with fresh milk, the NPU varied between 75 and 59. The completely
roller-dried milk-cereal based porndﬂe G2 had a significantly lower NPU than
G ,, in which the onIH cereal was roller-dried. The addition of lyophilized milk
to the completely rofler-dried Borrld es (G2 and,G5?_ Increased the NPU value
significantly. However, the NPU of G5 was still significantly lower than that of
The NPU of a cereal-sucrose mix decreased significantly from the expected
reference value after roller-drying to obtain a roasted faste, both with and
without the presence of glucose. onthe. drum (Table 7). Lysine supplementation
restored the NPU levels.” Addition of isoleucine resulted n no further improve-
ment. About 20% of the protein needed to be milk protein_in order to. com-
pensate for the cereal protein destroyed by heat processing (Table 83 It is also
seen in this table that the NPU increaséd significantly %0.001 <P< 0.005)
until 50% of the protein consisted of milk protein.

Discussion

The protein quality of foods intended for infants and young children must be
h|g7h In order to cover their relatively high need, of esseritial amino acids (WHO,
1973). The products tested in this study fulfil this recommendation, as the
protein is derived mainly from milk, giving them a high essential aming acid
content as indicated by chemical scores (Fig. 1). However, the availability of
the amino acids varies”considerably depending on the drying procedure uised.
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Figure 1. Chemical score and NPU of different cereal mixes in relation to in-
creasing content of animal protein. A, Unheated product éTabIe 7, A,
heated and roasted without reducing sugar ﬁTabIe 8); A, heated with reducing
sugar (Table 7); , A +added milk (Table 8); O, heated without reducing
sugar, ®, 95% wheat + 5% DSM, unheated; ®, 70% wheat + 30% SEF un-
heated; ®, 95% wheat + 5% WPC unheated; ©, 50% wheat + 50% SEF un-
heated; ©, SEF unheated.

In an earlier report the protein qualities (NPU) of threg different types of milk
or cereal and milk-based bab){< foods (human milk substitutes, grueland porridge
Elowders) produced and marketed in Sweden were presented (Abrahamsson &
ambragus, 1977). The NPU of spray-dried human milk substitutes were high
575 to 78) and corresponded to the Values expected from the composition, of
he product. Roller-dried milk and cereal-basea gruels with subsequent addition
of sPray-dned cows’ milk had NPU of between 69 and. 77. The NPU values of
totally oller-dried porridge powders showed an astonishingly wide variation,
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between 28 and 69, which was assumed to be due to the_lorocessmg method
and the composition of the products. Interestingly, similarly low NPU of
certain cereal and milk-pased products have also been reported from Norway
(Holm, 1973). This pointed to the need for further analysis of the reasons
underlying these wide variations in nutritive value. In the study reported
here, some of the effects of various sweetening a%ents in roller-dried cereal-
milk based products were examined. In the complete %ruel products, the milk
rotein_covers 85% and in the pre-mix_ I 58% of the total protein content, The

PU of the optimally produced pre-mixes were found to vary between 70 and
83 (Table 4) when no saccharide was added before the heat processing. This
range was about the same as was found in breast-milk substitutes and in freeze
dried milk. The addition of more milk to the pre-mix does not seem to he
necessary accordln% to the NPU results. When pre-mixes were roller-dried to a
final moisture content of 4%, the original NPU of the mix containing sucrose
was unchanged, while the NPU of mixes containing reducing sugars was drasti-
caILy reduced. With a more intensive drying method to a moisture content of
15%, the protein quality was even further reduced to as low as NPU 15 in the
mix with glucose. Landes & Miller (1976) observed the same effect when
substituting glucose for sucrose in baked products. Our results confirm that
the addition of reducing sugars should be avoided. However, if such saccharides
are used they should be added subsequent to the drying procedure, Furthermore
the advantages of glucose or fructose over sucrase In roller-dried milk-cereal
mixes with resh)ect to dental caries need to be further examined, taking into
consideration the fact that these food products contain both protein and fat
which decrease the cariogenic effect of sucrose, and also that they are not
particularly sticky, which’ likewise will reduce the risks of caries. Moreover
milk and cereal-based haby foods are served as meals once or twice a day and
not as snacks several times daily. The effect of storing a product contdining
reducing sugar is another problem. If the moisture content is raised due to
humid storage the Maillard reaction may accelerate. Thus, it would seem that
the role of sucrose and the question of its replacement as an ingredient in these
types of Broducts should be re-evaluated.

The NPU values of the cereal-milk mixes tested were expected to be 70—80,
because of their high content of cows’ milk. This is illustrated in Fig. 1, where
the NPU and chemical scores of different non-heat-dried cereal-milk mixes
(Abrahamsson & Hambraeus, 1977) are compared with those of the mixes
presented in Tables 5, 7 and 8. The'NPU of wheat flour is low (3%) compared
with that of the unheated barley-wheat-rye mix E(>55)' Roller-drying with
?Iucose present on the drum reducéd the NPU from 55 tg 32. Addition of milk
0 the heat-treated product representlngi 20% of the total protein improved the
NPU to the original value. Of the cereal mixes Nos. 1-5 included in the figure
(Abrahamsson, unpublished results) one contained wheat flour and dried skim
milk (DSM), one contained whey protein_concentrate (WPC) and three were
based on supplementary enriched food (SEF, 1977).

The figure shows that the NPU are already high when 50 to 60% of the
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total protein content is derived from animal sources. Hence the complete
%quel product, with 85% of the protein derived from milk, contains more milk
an is needed for the amino acid supplementation. The milk protein content
of the tested porridge powder represents about 60% of the total protein. The
pornd?e is recommended to be served with fresh cows’ milk, as this is the usual
way 0 eatm% porridge in Sweden. When the fresh milk is taken into consider-
ation, the total milk” protein represents 80% of the protein in the mix. Thus
it should be stressed that this addition of milk is not based on nutritional
needs but rather on food habits. In a home-prepared meal of cereal pornd?(e
served with milk, 40—0% of the protein Is su(Pplled by the added milk,
dependmgi on the relative amount of milk consumed. _
. As heat-drying, e.g. roller-drying, always involves a risk of protein destruc-
tion, only components requiring pre-cooking,. should be dried on the drum.
The remaining components, parficularly reducing saccharides, should be mixed
with the dried products. In these products where cows’ milk Is considered a
necessary component, spray-dried cows’ milk is to be preferred. It should be
remembered, however, that the addition of dried milk can largely mask
previous protein destruction, as is shown by the NPU results in Tablés 3, 5 and

8.
It has been ar,%ued that a low NPU can be accepted in products that are
usually served with cows’ milk or other animal protein sources. This is true
when "the NPU represents the value for the raw unsupplemented material.
However, @ NPU as low as 28, which was found previously in a porridge pro-
duct containing a considerable amount of milk, cannot be accepted, as this
value is lower than the NPU of unsupﬁleme_nted wheat, which lies between 40
and 56 (FAO, 1970). The expected NPU is between 70 and 80. The protein
quality may also be achieved in mixtures with only a limited amount of animal
protein or ‘based solely on vegetable protein sources as, for example, in low-
cost weaning foods for use in developing countries (Abrahamsson, Forsum &
Hambraeus, 1974; Forsum, 1973; Velarde & Abrahamsson, 1978). _
The importance of proPer processing of these kinds of food was realized
twenty years ago in @ malnutrition rehabilitation programme in Africa, when
the effect of Fr]>rot_e|n damage in a heat treated milk-cereal-legume product was
shown both chemically and"clinically (Clegg, 1960; Clegg & Dean, 1960).

Conclusions

To obtain an optimal protein quality of pre-cooked cereal-milk based baby
foods, the choice of processing method and of sweetening a?ents must be
considered. An unsweetened product is to be preferred, bt it a sweetened
cereal or cereal-milk based product is to be produced, any reducing sugar,
e.%. glucose or fructose, must be added after the heat-tréatment involved,
otherwise sucrose should be chosen as the sweetening agent. Lactose may be
suitable in some types of dried mixes. Furthermore, the product should not be
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dried to a lower moisture content than is necessary for safe storage. Finally, as
a general rule, the nutritional aspects must be taken into account when pro-
cessmé; foods, particularly baby foods. Protein destruction through processing
should' always be avoided; and this refers to every step in the production.
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The quantitative determination of trimethylamine in egg

A. HOBSON-FROHOCK

Summary

A fre_eze-dryinﬁ technique followed by gas chromatograg),hy of the distillate is
described for t eanala/smoftnmethylamme. The method isToutinely applicable
at concentrations of .0_5_/r%g-1 _e%g using samples of 1.0 g and cotld be used
with other foods of sufficient moisture content.

Introduction

An investigation into the nature of a ‘crabby’ or fishy’ odour in brown-shelled
egos (Hobson-Frohocke/ al., 1973) indicated that trimethylamine (TMA) was
resdponsmle for the taint and it was necessary therefore to,deveIoF a sensitive
and reproducible technique for the measurement of TMA in whole egg at the
ppm level. Many of the existing methods for the measurement 0f TMA
generally refer to its presence in fish or fish groducts, for example as an index
of uaht;i durm? frozen storage (Gruger, 1972; Castell, Smith & Dyer, 1974;
Ritskes, 1975). [t has also been implicated in cases of fishy taint in'milk from
cows grazed on a wheat pasture (Mehta, Bassette & Ward, 1974; Von Gunten
etal., 1976?. Other papers have been concerned with its involvement in atmo-
therlc ollution (Andre & Mosier, 1973) or its presence in biological fluids
(Dunn, Simenhoff & Wesson, 1976; Marks et al., 1977). Keay & Hardy F19]2)
established a quantitative method for the analysis of TMA and dimethylamine
by gas chromatography (GC,Z) of the steam distillate from an alkaline fish
muscle extract, Murray & Gibson (19724, b? compared this method with the
Hoogland_ modification (Hoogland, 1956) of the Dyer picrate method (Dyer,
1945), with a microdiffusion (Conway11 technique {Beatty & Gibbons, 1937)
and with a method based upon the Technicon Auto Analyser ﬁMurray & Burt,
1964). The use of the microdiffusion technique was critically reviewed by
Spinehi (1964) who concluded that it was neither easy nor accurate.

However, none of these methods was saUsfactoR/ because it was necessary
to establish the relationship between the ‘free’ TMA content of the egg and an

Author’s address: ARC Food Research Institute, Colney Lane, Norwich NR4 TUA.
0022-1163/79/0800-0441 $02.00 ©1979 Blackwell Scientific Publications
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odour panel assessment of the intensity of the taint and this was not possible
if the egg had been subjected to chemical or thermal degradation during the
analysis. The presence of TMA in b|ologf|_cal fluids has been investigated by
Dunn et al. (1976) who devised an ultrafiltration method to prepare samples
for GC analésm and by Marks et al. (1977) who mgected uring samples directly
on to the GC column. Unfortunately, neither of these techniques could be
applied to the analysis of homogenized whole ,eggi_ and the equiliorium vapour
analysis method for TMA and dimethylamine in"tish described by Miller et al.
1973) lacked the required sensitivity. Initial experiments had shown that the
yophilization techm%ue for fish protein concentrate used by Wick, Under-
riner & Paneras (1967) .could be applied to homogenized whole egg and pro-
duced a distillate containing the characteristic odour of the taint; this tech-
nique was therefore modified to handle small (1.0 g) samples of egg.

Materials and methods
(a) Freeze-drying of egg

The egg (4060 !9/? was broken out into the 100 ml vortex beaker of an
MSE Homogenizer (MSE Scientific E(?_wpment) and the yolk and white blended
at maximum speed for 5—10 sec. Aliquots LOE) were we|%hed into the _I¥o-

hilizer which was constructed from a'Q & Q MF24/3/8 test tube (Quickfit &
%uartz Ltd.), fitted with aside-arm (Fig. 1). A ‘cold finger’ made from aQ & Q

EB 24 coned stem, tapered to a point 12 cm below the cone joint, was in-
serted into the tube, the joints lightly greased with silicone high vacuum
?rease and the whole connécted to a manifold which could take twelve such
ubes. The egg was_frozen by immersion of the tube into liquid mtroqen for
5—10 min and liquid nitrogén added to the cold fingers. The manifold and

-

e

[ S—}

s

OXI

\

Figure 1 Lyophilizer for freeze drying homogenized whole egg.
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tubes were evacuated using a two stage rotary oil pump through a liquid
nitrogen cooled tr_aﬁ until the pressure in the system was a low as possible, at
least 0.05 Torr, with the %gg still frozen in liquid nitrogen. The pump was then
isolated from the manifold and the coolant was removed from around the eqg.
The sample was freeze-dried for about 2.5 hr, care being taken to maintain fhe
system pressure at 0.05 Torr by occasional use of the pump. At the end of the

istillation the vacuum was released with nitrogen, the cold finger qu_lckly
removed, em?tled of coolant, placed in a ? &8 F 24/3 test tube containing
150 ml of N/10 HCl and the condensate alfowed. to melt. The cold finger was
rinsed with approximately 1 ml of water, the acidic solution taken to dryness
ona rotar&evagorator at 40°C and the residue of hydrochlorides then dissolved
in N/10 HCL (250 pi) for gas chromatographic analysis.

(b) Gas chromatography

Aliquots (7pi) of the hydrochloride solution were analysed on a 2.7 m,
4mm 1.d. glass column pacKed with 50—60 mesh Chromosorb 103 coated with
20% (w/w) KOH. The column was installed in a Pye-Unicam Model 104 gas
chromatograph coupled to the Pye S4 Autojector and a Perkin-Elmer thermi-
onic detector in the nitrogen mode replaced the existing flame ionization
detector. Hydrogen and air flows to the detector were controlled by Brooks
Model 8944 flow controllers (Brooks Instruments Ltd.) and set at 5 and 100
mimin'l respectively with a detector temperature of 225°C. The detector
response varied with the temperature of the electrically heated rubidium
silicate bead: for routine use the heating current dial was set between 400
and 500 EZ.G to 2.9 A) to give a response similar to_that of the flame ioni-
zation detector, although a tenfold increase in sensitivity could be obtained
with a consequently reduced bead life) by increasing the dial to 600—650.

he column was operated isothermally at”140°C with a nitrogen carrier gas
flow rate of 30 ml min'L. Trimethylamine was released from its salt be/) injection
onto soda lime (prepared from calcium oxide slaked with 5m NaOH, dried
ground to 40—80 mesh and then coated with 20% KOH) which was packed
into the initial 4 cm of the column and separated from the Chromosorb 103 by
a quartz woo] plug. Under these conditions trlmeth}/Iamme_ had a retention
time of 3.5 min. An Autojector programme was selected which gave duplicate
injections. of each sample” followed by a syringe washing with water and this
enabled fifty samples to be analysed in onerun. Normally, the first five sample
vials contained standard solutions of TMAHCL ranging from 3 to 30 pg ml'l
followed by egg distillates with a vial containing a Opgz ml"1 solution of
TMAHCL after each group of eight sample vials. The last Five sample vials
also contained the 3—30 pg TMA.HCL mi"'1 standards. A calibration curve was
drawn from all standards”and in this way the Performance of the column
could be monitored during the run which, it at full capacity, could take several
hours to complete. Broadening of the TMA peak and a réduction in detector



444 A. Hobson-Frohock

response indicated the need to reﬁlace the soda lime packm_(T;J although it was
normally replaced weekly. At the lowest working amplifier sensitivity of
2X 10~n A fsd, the minimum detectable gas phromatograghm eak of TMA
at 1cm peak height was calculated to be equivalent to” 1.0 ng TMA injected,
corresponding to 0.05 pgTMAq'l, egg and this is regarded as the lower con-
centration limit for routine analysis, although, as stated above, the sensitivity
of the nitrogen detector could be tuned’ to aten-fold increase if required.

(c) Recovery of TMA from water and egg

_ Recovery experiments were conducted using a solution of TMAHCL 63|gima)
in water over the concentration range 1.4—414.0 pglmbl. Aliguots (50 qf) of
solution at each concentration were added to 1.0 ml water or 1.0 g eg(t; in the
I%ophlhzer, two drops of 4% (w/v) KOH added, the cold finger inserted and
the whole gently mixed before connection to the manifold.

Results and discussion
(@) Gas chromatography

Analysis of amines by gas chromatogr_aphy is made difficult by the highly
polar nature of these compounds. A variety of different column preparations
exists in the literature, many of which require treatment of the liquid phase
with alkali. Much of the development work in this gpa er was carried out
using a flame_ionization detector and the Dowfax DN/KOH on Silocell C22
column described by O’Donnell & Mann (1964) and modified by Keay &
Hardy 51_972)_ but it proved unreliable at the low levels of trimethylaming
involved in this Broblem. (The Dowfax DN9 phase has now been discontinued
and Triton X-10 suggest_ed as a replacement (Phase Separations Ltd.) but we
have not investigated this phase.) The base-coated support in the injection
area needed frequent replacement, a process which Involved Ie_ngt_h)r con-
ditioning to reduce the column bleed to an acceptable level. The initial 4 cm
column Rackmg was therefore replaced with soda lime prepared from calcium
oxide which needed only a short conditioning period in situ (about 1hr at
200°C) before the column was ready for use. Chromosorb 103 (Johns Manville),
a porous cross-linked polystyrene Used for the analysis of short-chain aliphatic
amines by Andre & Mosier (1973)_, was investigated and proved to be the most
suitable material when coated with 20% (w/ WZ) KOH. The ease of column
preparation with Chromosorb 103 made it preferable to tetragthylenepentamine
on Graphon, a partially graphitized carbon black (Di Corcia, Fritz & Bruner,
1970) and to _BOIXethernelmme 40M + KOH on a modified carbon support
Di Corcia, Liperti & Samperi, 1974). However, at the higher sensitivities
2X10-11 to 5 X 10“0Afsd), the TMA peak was not fully resolved from
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FID,
L/\_,U injection
! ‘

Figure 2. Gas chromatogram of distillate (concentrated to 250 jul) from egg
containing 0.7 jU? TMA ¢'1; 7 pi injected on to Chromosorb 103/KOH column

at 140 C. Amplifier sensitivity 5 X 10-11 A fsd; chart speed 1cm min-1; carrier
%ast (?ltrogen) 30mimin'l, - , Nitrogen detector; - , flame ionization
etector.

several early runningbpeaks which arose from injections of water as solvent, a
phenomenon noted by Di Corcia & Samperi, 1974. The use of the nitrogen/
phosphorus detector operating in the specific nitrogen mode overcame all the
difficulties of ‘ghost’ peaks and produced a chromatogram in which only the
TMA peak was Visible (ll):|g. 2).

(b) Recovery of TMA added to water and egg

As shown in Table 1 the recovery of TMA from aqueous solutions was
Perfect_ly_ adequate with the values ranging from 81 to %% and demonstrated
he effiCiency of the method. However, some difficulty was experienced when
samples of homogenized whole eggf were ‘spiked’ with" TMAHCY, taken to pH
10 with 4% (w/\% KOH and distilled. When TMA was added to a ‘control’,
.e. untainted eqg, even at levels of 30-40 pgg'L the recoveries were low and
erratic. Only when a tainted egy was used Could recoveries be considered
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Table 1. Recovery of trimethylamine
from aqueous solution

TMA added
(as hydrochloride) Recovery*
jug %ts.d.
0.07 81+7
0.28 94 +3
0.46 93 +2
1.38 951+ 1
1.88 96 £3
6.90 96 + 2
13.80 96 £ 2
20.70 96 + 1

*Mean of 12 replicates

adequate and perhaps this is not surpnsm?, In view of the adsorptive properties
of e%g proteins (Maier, 1970) and the difficulty of producing tainted samples
by the ‘addition of an identified tainting compound to the untainted food at
comparable concentrations. The addition of alkali to the homogenized egg,
not a part of the normal analytical technique, produced a marked change In
the structure of the matrix from an open ‘foam-like’ structure to a rather
viscous liquid and this could have contributed to the lower recoveries shown
in Table 2. Extension of the distillation time from 2.5 to 7 hr only increased
the TMA value of a ‘spiked’ egg by approximately 10%. Unfortunately, few
authors appear to report recovery experiments from the food material under
examination; some of those that”have done so reported difficulties with re-
covery of amines from ‘spiked’ samples. Patterson & Mottram F]1974) could
only recover 40% of methylamine aaded to meat samples although recovery of
dimethylamine and ethkllamme_ was somewhat higher @ H—85%). Gruger (1972)
added ‘a mixture of fen amines to a sample of Coho salmon at concen-
trations ranging from 17 to 3700 juyg 1 and obtained an average recovery of

Table 2. Recovery of trimethylamine
added to tainted egg

TMA added
(as hydrochloride) Recovery*
hS %+s.d.

0.94 53+11
1.88 63 + 10
4.69 69 + 12
9.38 765
18.76 75 t4

*Mean of 12 replicates
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only 42% (the range being 26—47%); no recoveries were given for the methyl-
amines,

The method of TMA determination described in this paper should be appli-
cable to any biological material or food which has a sufficient moisture content
to enable freeze-drying to take place; the addition of water would be necessary
for dry foods such &s fish protein concentrate.
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