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Effect of heat treatment on protein gquality and sensory changes in canned food

BJODNE ESKELAND, MAGNI MARTENS and HELLMUT RUSSWURM

Norwegian Food Research Institute, N-1432 Aas-NLH, Norway

Experiments have been carried out to study the effects of different heat treatments of

Canned meat products on net protein utilization (NPU), sensory changes, and their relations.

Samples of raw liver paste and meat balls were autoclaved at the same temperature as used in
Conventional processing, but at different length of time resulting in F-values of 1.9, 2.7,
5.6 and 12.3 for liver paste and 2.7, 7.4 and 14.6 for meat balls. The raw products and the

Commercial products from the same batch were also used in these experiments.

Liver paste autoclaved with F-values of 1.9 and 2.7 had about the same NPU as the raw product
(65-66) , but samples autoclaved at F=5.6 had significantly lower NPU (62.9). A further
decrease in NPU to 58.2 was observed at the F-value of 12.3 which was in the same order as the
COommercjal processed sample. The NPU for meat balls fell from 74.6 (raw product) to 64.9 after
Commercial processing. The F-values of 2.7, 7.4 and 14.6 resulted in NPU's of 69.7, 67.3 and

62.7, respectively.

For Some of the sensory criteria judged, high correlation coefficients were obtained between

the Yeduction in NPU by increased heat treatment and the lowered sensory quality of the
Productg,

EiEEEBS_XQQ,Hitzebelastung auf Proteinqualitdt und sensorische Eigenschaften in konservierten
N

ahrungsmitteln
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VerSUChe zur Ermittlung der Wirkung von verschiedenen Hitzebelastungsprogrammen im Autokla-
Vierungsprozess bei der Konservierung von Fleischprodukten auf die netto Eiweissauswertung

(NPU)r sensorische Eigenschaften und dem Zusammenhang zwischen beiden, sind durchgefiihrt.

Prohe“ von roher Leberpastete und Fleischkldsschen wurden bei gleicher Temperatur autokla-
Viert wie bei handelsiiblicher Erzeugung, jedoch bei unterschiedlichen Zeitabschnitten was
- F-Werten von 1,9; 2,7; 5,6 und 12,3 fiir Leberpastete resultierte und in 2,73 7,4
nd 14,6 fiir die Fleischkl®sschen. Die Rohprodukte und handelsiibliche Erzevgnisse aus glei-
Cher Produktionsmischupg wurden in diesen Versuchen ebenfalls gebraucht.

Autoklavierte Leberpastete die bei der Berechnung einen F-Wert von 1,9 und 2,7 aufwies, hatte
“ngefahr den gleichen NPU wie das Rohprodukt (65-66) , wahrend autoklavierte Proben die F=

' 6 9aben, signifikant niedrigeres NPU aufwiesen (62,9). Eine weitere Reduktion des NPU-Wer-
fes Mt 58,2 wurde beim F-Wert von 12,3 beobachtet, was dieselbe Stufe wie das handels-
“Pliche Erzeugnis darstellt.

DPU fir Fleischkldsschen sank von 74,6 im Rohprodukt auf 64,9 im verkaufsfertigum Produkt.
© PoWerte 2,7; 7,4 und 14,6 resultierten in NPU's von beziehunysweise 69,7; 6%+3
ung g , '

2,7.

. ’ 3 zwische
Rur Sinige der sensorischen Kriterien die bewertet sind wurde eine hohe Korrelation zwischen
Sduktion T

| PU bei gesteigerter Hitzebelastung und geringerer sensorischer Qualitat gefun-
en, 2
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Influence de chauffage sur la qualité de proté€ine et les changements sensoriaux des aliments

hermétiques

BJODNE ESKELAND, MAGNI MARTENS et HELLMUT RUSSWURM

Institut Norvégien de Recherches Alimentairs, N-1432 Aas-NLH, Norvege

Des expériences ont &té faites pour &tudier 1'influence des traitments différents du chauffage
des produits de la viande hermétique sur l'utilisation nette des protéines (NPU), des change-

ments sensoriaux et leurs relations.

Des é&chantillons de pat& de foie cru et de boulettes de viande ont &t& autoclavés a la méme
température qu'on utilise dans la mé&thode courante, mais a une durée différente du traitment
thermique, donnant des résultats des F-valeurs de 1.9, 2.7, 5.6 et 12.3 pour le paté de
foie et 2.7, 7.4 et 14.6 pour les boulettes de viande. Les produits crus et les produits

commerciaux de la méme fournde ont aussi &té& utilis&s dans ces expériences.

Le paté de foie autoclavé avec des F-valeurs de 1.9 et de 2.7 avait presque la méme NPU que
le produit cru (65-66), mais les échantillons autoclavés a F=5,6 avaient. significativement
une NPU plus basse (62.9). Une ré&duction davantage de la NPU a &té constatée au F-valeur de
12.3, qui a coincidé avec 1l'é&chantillon rélévé au cours du procédé commercial. Apres le pro-
cédé commercial la NPU des boulettes de viande a diminué de 74.6 (produit cru) jusqu'a 64.9.
Les F-valeurs de 2.7, 7.4 et 14.6 ont eu comme ré&sultat une NPU de respectivement 69.7,

67.3 et 62.7.

Pour quelques-unes des caractéristiques sensorielles prouvées, on avait obtenu des coeffi-
cients de corrélation hauts entre la réduction de NPU par augmentation de chauffage, et la
diminution de la qualité sensorielle des produits.

NISHLE TEUon0il  00pa0oTHI HA KaveCcTBO UPoTenHa I BKYCOBHE KauvecTiRa IePMEeTU3NPOBAHIIX
MACHEX IMileBUX INPOMYKTOD

Inomme bickenany, Marnu Maprenc m lemmniyT Fyces

Hopsexcrut Hayuno-lccieopaTe bernii MNCTUTYT JMEIHX (UPOYKTAB, N-ldc— Aeas=NLH jion;cpms
OnuT 1IpoBeted A H3yUICHILI BIDLSHNA PASHUX HDOTPALM TeIoBOn O0PAOOTHM MACHHX HPOJYRTOB B
aBToK/IaBe 1a YCBOHEMOCTH [poTenna/HeTTo-NCioIE30BaHNe TPOTeN A ~NPU/, BKycOBHE KayeoTha
[POJYKTOB H CBABH Merly HINile

{poGL CHPOTO JIMBEPHOT'O MALTETA W CUPHX MACHUZ KICHCK OHIN TOJBORIILYTH HATpEeBALD B aBTOKAANY
Opu Tex-xe Temieparypax, YTO U B KOMMEPYECKOM [PON3BoJcThe, HO I TeucHMil Pa3HOr'o BpemMeHity

Yo MpUBEJO K HNOLYYEHHD PASNLX NoKasaTejaci P, DABHNX: VU1 JURCPHOIO HANTELA =190 T 58
B 12,3 u ol MACANX KIBHeK - £,7; 7,4 n 14,6,
Cupue IpoGH I TOTOBHE NPOTAXHUE JPOJYLTH US OMHON & TON-He IDON3LONCTHERNOU CMEoa O I

TaKe DRIAOUCHE B JAMNNLIL OIRT.

JmBepHiil MANTeT, HDOMYUMBILI MOCHe HAVDCEAHAM B GLTORIANCR -Tokasave/n [,9 u 2,7, mienr TeNe

ane NPP,Kai i CHPOil TDOIYKT /65-55/, L TO Bpeusd, Kax Ipodi ¢p =5,5 mie/m KOCTOLEDNHO-II0-
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Effect of heat treatment on protein guality and sensory changes in canned food
BJODNE ESKELAND, MAGNI MARTENS and HELLMUT RUSSWURM

NOrWeqian Food Research Institute, N-1432 Aas-NLH, Norway

introduction

It

is well known that nutritional changes occur in proteins during autoclaving (reviewed by
Behder, 1978) and that these changes are dependent on heat applied, length of time of pro-
Cessing, presence of carbohydrates and several other factors. It is also known that heat pro-
Cesses generally influence the sensory quality of food (Board et al. 1966, Lyon et 3l =i975,
Persson et al. 1973) and that a variety of foods have better sensoric and nutritional proper-
ties aft;; ;;qh temperature, short time sterilization than after conventional sterilization
by autoclaving (Reichert 1972). There is however, very little information on the relation of
Nutritional and sensory quality of the same type of product after different heat treatments.
The bPurpose of this study was therefore to relate changes in biological value (BV), true di-
gestibility (TD) and net protein utilization (NPU) to sensory changes brought about by heat
treatment of canned food, using the same temperature as used in the conventional production,

but vVarying length of time in trying to optimize the heat process from nutritional and sen-
SOry points.

faterial and Methods
Nutritional evaluation of protein quality was conducted on two types of canned food products,

Namely 1jver paste and meat balls. The samples were collected from a commercial production
Unit,

Samples from the raw and processed conventional products were collected from the same
batch

for each of the types of foods, and samples were autoclaved using the same temperature
the conventional production, but at different length of times resulting in F-values of
- Lss, 2.7, 5.6 and 12.3 for liver paste and 2.7, 7.4 and 14.6 for meat balls. The meat balls
webe deep-fat fried and filled in boxes (425 g net weight with sauce). The liver paste boxes

as in

¥ere 100 9 each. The raw and commercial products from the same batch were also tested for
Mutritional quality.
_During Processing, the temperature of the products was monitored using a fine copper-constan-
fta" termocouple embedded in the center of a can, and the output of the termocouple was re-
Cordeq using a strip chart recorder.

| Tam Samples were freeze dried, analyzed for Kjeldahl-N, and diet of 500 g dry matter of each
°f the Products was prepared by mixing the calculated amount to give 150 mg N/10 g dry matter.
Each test diet was fed to 5 wistar male rats with average weight of 70+2.0 g. Each rat re-
SRiven 150 mg N in 10 g dry matter daily throughout 9 days, the last 5 days being a balance
Periog, The BV, TD and NPU of the samples were determined by the procedure of Mitchell (1924)
ag Modifjeq by Eggum (1973).

The differEDt products were tested by a sensory panel (12 judges, 3 replicates) by the crite-

.ia of characteristic taste, burned taste, off-flavour, firmness, amount of fat liberated,

Ulciness and total preference.

T \'4
s BY, 1D ang NPU data for the different heat processed liver pastes appear in Table 1. B
e feduced from 67.9 to 62.2% by the commercial processing. The TD was not significantly
affectEdr but NPU was reduced 5.7 percent units. Liver paste autoclaved at F-value of 1.9

te \ £ 2.7 had
thnded to have higher BV than the raw product, while the product from the F-value o

= d in lower
Bve Same gy ag the raw liver paste. Heat treatment above this point (F=5.7) resulte

ot of
than the raw liver paste and those autoclaved at F-value of 1.9 and 2.7. The F-value
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Table 1.

Nutritional value of liver paste autoclave

different F-values compared to the commerc

product and the raw product from the same
True
digestibi-|{Biological
lity value
(%) (%)
Raw liver paste 96.7i1.01) 67.9+1.4
Commercial
liver paste?) 96.3+0.4 | 62.2+1.9
F=1.9 95.3+1.0 69.0+1.2
Liver paste  F=2,7 96.4+0.8 67.9+2.4
autoclavedz) F=5.6 96.6+1.1 65.1+1.2
93.6+1.7 _J 62.1+1.8

594

d at

ial

batch.

Net protei
utilizatio
(%)

65.6+1.5

59.9+2.0

65.8+1.5
65.5+2.1
62.9+1.4
58.2+1.7

1) Standard error of the mean

2) Temperature 112°%

Table 2.

Nutritional value of meat balls autoclave
different F-values compared to deep-fat f

and raw product.

d at

ried

12.3 resulted in a BV in the same ran-

ge as the commercial processed samples,
but the decreased TD resulting in some-

what lower NPU.

__The same type of study was conducted
with meat balls, but with three auto-
niclaving programs in addition to the

n |commercial,

raw and the deep-fat fried
product. The nutritional

in Table 2. The BV of the commercial

data appear

product was reduced from 74.9 to 70.2,
while the NPU fell from 74.6 to 64.9%.
The greater effect here was due to the
TD-fall from 99.4 to 92.5% by proces-
sing. The different heat treatment ti-
mes at 118°C resulting in F-values of
Zaclip
ges of 69.7,
96.9,

7.4 and 14.6 gave NPU percenta-
67.3 and 62.7 and TD of
95.0 and 93.0%.

The relation of some sensory criteria
and NPU's appear in Fig. 1 for liver
paste and in Fig. 2 for meat balls.
Firmness and amount of liberated fat
were not significantly affected by

the heat treatment programs. Charac-

teristic taste and total preference
was significantly reduced by heat

treatment programs above F-value of

2.7. The scores for burned taste in-
creased from 1.28 to 2.14. Off-flavour
increased somewhat by longer heat

this effect,

treatment time, however,

was not significant. For meat balls

True
Higestibi- |Biological |[Net protein
12EY value utilization
(%) (%) (%)
1)
Raw meat balls 99.4+1.6 |74.9+0.9 74.6+1.7
Deep-fat fried
meat balls?) 97.6+1.6 |72.8+1.8 71.142.8
Commercial meat
palls®) 92.5+1.1 [70.2+1.3 64.9+1.7
F=2.7 }96.9+0.9 71,9411 69.7+1.0
Meat balls F=7.4 | 95.0+1.0 70.8+1.6 67.3+1.4
autoclaved®’ F=14.6|93.0+1.4 |67.420.9 62,811

(Fig. 2) it appears that when NPU de-
creases, the burned taste and juici-
ness increase, while the total prefer-

ence decreases.

Discussion

The heat treatments applied in. the
autoclaving processes of the two
groups of products influenced the nu-~
tritional quality of the protein to a

large extent. This is caused by chemi~

Sstandard error of the mean

1)
2) 10 minutes at 170°¢
3) Temperature 118°C

cal changes taking place (Bjarnason &
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Carpenter, 1970, 1974,

Hurrel & Carpenter 1976). As we in

Osner & Johnsen,

this case knew the temperature at which
the commercial products were processed
at, and used the

same temperaturcs in

our model studies, we plotted the NPU's
vs. F-value of the products autoclaved
at known F-values. curves
(Fig. 3) of

which the commercial products were

From these

we: found the F-value:s

autoclaved at were above 10. This heat

treatment may be far in excess for

strict bacterlological safety.
It was of interest to investigate the
changes in nutritional and sensory

quality in trying to optimize the auto-

claving process. Very few studies have

56 60

-]
]

NPU %
The relation of NPU and sensory score for
(BT c?
teristic taste, TP total preference).
c,
lue of 1.9,

liver paste burned taste,

A,

2.7, 5.6 rand 12,3,

C
=k

et -

Fig. 2

il

charac-
BI
D indicate the products autoclaved at F-va-

respectively.

been conducted to look at the relation
of nutritional and sensory changes.
Carpenter et al. as early as 1957

found that overheated fish products
developed "a foul smell and very dark
colour" and that the fall in gross pro-
tein value was 28%, while previously
Regier & Tappel (1956) found loss of
sensory quality without a fall in nu-

tritive value.

TP In our study a positive correlation

Ju

coefficient of 0.84 was found between
reduction in NPU, and lowered total
preference by the sensory judgement by
increased heat treatment of liver
paste. For meat balls, burned taste
increased by lowered protein guality
(r=-0.83).

for total preference and NPU was -0.67.

The correlation coefficient

Burned taste was the single criteria

most affected by increased heat treat-
BT ment in liver paste (r=-0.92). Our data

indicate that within the same batch of

product processed by different heat pro-
S8

60 65

NPU %
The relation of NPU and sensory score for
Meat balls (BT Ju
ness taste and TP total preference. A
is the deep-fat fried product, B, C and
7.4

burned taste, juici-

D is autoclaved at F-values of 2.7,

and 14.6, respectively.

723rams, the sensory quality may be used
in evaluating the nutritional value of

the products.

It can also be concluded that some
overcooking of products is practiced
in order to ascertain full hygienic
safety. This may be regarded undesire-

able from a nutritional point of view,
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F-value

3. Relation of NPU and F-value applied for LP
(liver paste) and MB (meat balls) during
autoclaving. CP = commercial product pro-
duced from the same batch.

~1 more future work should be done
to extend cur knowledge of what is
happening to the nutritional value

in canned products.
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