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STUDIES ON THE EFFECT OF PARTIAL REPLACEMENT OF

SUCROSE BY CORN SYRUP ON THE CHEMICAL AND
ORGANOLEPTIC CHARACTERISTICS OF APPLE JAM

*M.A. Ehan and A, Asghar

The effects of substitution of ¢orn syrup on ths chemical and
organocleptic characteristics of apple jam were studied. It was observed
that more cooking to highar brix was need=d to reach the gelling point,
if only sucrose was used. With the increase in corn syrup percentage
in jam all the fractions of pactin {solublz-pactin, calcium-pzctinate and
protopectin} tended to ba highar than in the jam prapa;ed with 100 per
cent sucrose, but alpha- and bata-celluloss tended to bz lower. The
effect of different treatments on the pactin fractions and methoxy)
content of pectin in jam was found to be inter-related with the storage
period, whereas the effact on alpha— and beta—celloloss was indepandent
-of storage periad,

The crgancleptic evaluation data revealed that the judges could
not differenciate the colour, texture, odour, taste and flavour batwesn
samples. These observations led to the suggestion that jam of equally
good quality can be prepared by replacing 205094 sucrose with high
maltose corn sytup, which offers soms# othar technological benefits over
SUCTOSE, '

INTRODUCTION

Theoretically a jam cootains about 68 per cent total soluble solids.
The major portien of this pareentage comes from sucrose which is add=d during
the preparation of jam. This high amount of sucrose imparts too much sweet-
ness to the product which many consumers do not relish.  One possible way
to overcome this problem is to replace a portion of sucrose with corn syrup in
the production of jams. : :

Apart from this, thers is not enough production of sucrose in Pa.kl.stan
to meet its other Important requirements. Therefore, it would bz a
usefu! proposition if some percentage of sucrose can be replaced by corn syrup
in the production of jam from fruits. The present studies were conducied to
find the optimum level of corn syrup whick can replace the sucrose in the
making of jam, without affscting its quality characteristics,
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REVIEW OF LITERATURE

Tressler (1940), pmbab];r, was the first who sugg:sted that sucrasc ‘can
be repleced by corn syrup for various jams. According to him s-u¢h Jams
had smooth texture, high gloss and improved spreading qllﬂl.lﬂ&& ‘Similar
views have been expressed by others (Lewis, 1952; Rauch, 1952; Cohee, 1953;
Colguhoun, 1961). All thess propertics are attnhuted to the prEsenich of

dextrines in the corn syrup.

There is, however, a difference of opinion among the differsnt workers
as to how much cuerese could be replaced by the corn syrup in jam wathout affect-
ing its guality. According to Tressler (1940}, not more than one filth of the
sucroge ameount be replaced by comn syrup. Cohae (1853) and Kooreman
(1963} supported this proportion of corn syrup in jam. The same proportion
of corn syrup has been recommended for ice cream mix (Coulter ef al,, 1951),
for sweet pickle (Fabian and Pivnicle, 1933) and for. canned peaches {Josl:,rn
et al., 1857, Chen and Joslyn, 196?)

On ﬂ:: contrary, Rauch {1952} cxprnssed that substitution of sucrose
by corn syrup should approximately be 5 to 15 per cent, while Strachan and
Atkinsen (1955) claimed that the replacement upto 20 per cent gave better
result. Pangbora £ ql. (1959) reported that increasing the cotn syrup to higher
level caused a decrease in fruit Bavour but increased the firmness of the froit
It appears from these ctudies that the information provided by different workers

is sngpestive rathe:r than conclusive. :

MATERIAI.S AND METHC!DS

~ - Fully ripe appIes of Kulu variety were used in this study and were
processed according to the procedure given below :

Pulp Extraction: Healthy apples were washed with potable water to
remove the dirt and dust and to minimize the microbial load, cut into small
pieces (without peeling and coring), cooked for 15 minutes after the addition
of water (§ oz per Ib, of fruit} and then passed through the tomato pulper,

Jam Makimf The pi-l value of the pulp was ndjustéd to 3.3 by the
addition of citric acid {pH was measured by Beckman: pH meter)’ ami[ then
dmd:d into 6 lots of equal weight, The pulp and sugar were mixed in the
ratio of 50 parts each-(1:1 wfw). - Six samples of jam were prepared by taking
5 Ibs: of fruit pulp to cach 5 ltis, of sugar or sugar plus corn syrup.  The
percentage of sucrose and corn syrup uscd in different sample is shown in Tabie 1.
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Tasie 1, The proportion of suerose and corn syrup In different fams

Sample No. Sucroze Corn Syrap
1 106 —
2 809 20%
3 759 25%
4 0% 6%
L1 60%, _ 40%
] 509, 0%

High maltose corn syrup of 45 Haume was used for replacement purpose.

Anglytical Metheds, The methoxyl content and different fractions of
pectin and cellulose were determined according to the procedares described in
an earlier communication by Khan and Asghar (1971). Brix of the jam was
determined, vsing Abbes refractometer as described by A.Q.A.C. (1960). The
tH value was recorded by using Peckman pH mcter. The apple jam was
evaluated organcleptically after a storage peried of 60 days for colour, texture,
odour, tasts and flavour by scoring method as described by Krum (1955). The
data were subjocted to two-way aualysis of variance model {Suedecor, 1966)
to partition the effect of different variables, considered in this atudy and the
significance of difference botween means was examined by Duacan's multiple
raoge fest.

'RESULTS AND DISCUSSION

The data on different physical and chemical characteristics of jam are
s!,wwn in Tables 2 and 3.

Total Soluble Sollds (Brix) umd pH Values. It can be sten from the
data in Table 2 that in the case of jam prepared with 1009 sucrose the gelling
point reached at 219 F, the total soluble solids (Brix) being 7i.59%, whercan
with 403/ zorn syrup substituted jams the gelling point reached at lower
temperatire fz'!ﬁ F}, brix being 68.5%,. The sul:atitutmu by com syrup beyond
3620 however, caused no ‘further reduction in gelhng t:mp:raturc Thesw
results sipgest thatother conditions being constant; more cooking to higher birx’
is needed to veach the gelling point if only sucrose is used-in jam mkhm
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However, by substitution of corn syrup, the jams can be prepared atlower degres
of brix, Maturally this will increase the yield of jam per pound of ths fruit
used and save the cooking time.

The difference in the degree of brix at which gelling took placs in different
samples might bz due to slight difference in pH value of the samples. The
sample which ccntzined more than 25% corn syrup acquired sliphtly higher
pH (3.15), than the samples which contained only sucrose, or, upto 25% of
corn sysup (3.10),  As the rigidity of ths structure in jam is poverned by the
pH value, the optimum being 3.2 (Hiaton, 1940: Bliementhal, 1942; Oliver,
1950; Smock and Nrubart, 1950; Facobs, 1951; Rauch, 1952; Duckworth, 1966;
Desrosier, 1970}, th: pH value of the apple pulp {4.1) was adjasted to 3.3 by
the addition of citric acid (it was ¢xparienced that tha pH of the prepared jam
decreased by 0.1 to 0.2 units on goocking). Tt hag bsen reported by Oliver
(1950) that the pH value determines the amount of total soluble solids required
to reach the gelling point and the present results supported his findings.

Generally speaking, with respects to total sotuble solids all the samples
of jams were within British Standard Requirements (Rauch, 1952), but they were
somewhat higher than that of American Standard {Prescott and Proctor, 1937;
Bluementhal, 1947; Smock and Neubert, 1950; Jaccbs, 1951; Cruess, 1958
Dresrosier, 1570,

Pectin Fractfons. Table 2 shows that the water-soluble pectin, caleium
pectinate and protopectin varied between 0.45 to 0.55%, 0.28 to 0,29% and
0.40 to 0.507% (per. ¢ent AGA) respoctively in jam. The statistical analysis
of the data indicates a significant effsct of substitution of corn syrup on these
fractions (P«<0.101), The amount of the first two fractions tended to increase
with the increase in corn syrup percentage, while the last fraction increased in
Jams having upto 40, corn-syrup, beyond that it declined, >

During starage period of 60 days (Table 2 and 3); thefewasa 3. 5to 5.5
per cent increas2’in water-solable fraction, whareas the amouat of caleium
pectinate and protopectin decreased in different jams (P<c0.01), The significant
first-order interastion, treatmentsx storage, in all these cases suggests that the
changes in these fractions were interrelated to both the storage and treatments
(P<0.05). The maximum decrease 6.8%) in caleium pactinate was obsezved
in jam prepared with 100% sucrose, Minimum 5% decrease in protopéctis
occurred in jam with 303 corn syrup, while the change was high on either
Aded of thiz:cenceatration, -



'§ 9]q®} U1 IJOU-100] 0) 13} SUORTAIIQGE JNPC 10 “ITIWIER 63 MNP DORFEA=T,

£30°0  SEO°0

6000 0= XS H{10°0>d) L 8TL°0  DEL'OD
or-a 9.0

1620 0= 35 10°0>d} L £1°9 £0°9
100 C=¥g {0 0>>A) L 60T 0 EST'O
100°0=¥S {([0°0>4) L 06T°0  £L2°0
SO0 0=X5 (1070>d) 1L 5670 HPEO

LR
DEL'D
LL°0

A
FA AR
65270
AR |

i
1L
L I
g R

071 AL
o1t 912
£1°E St
£°89  LTBO
AR &L

AR

Leng B840
I¥L'0  6FL°D
30 LD
ity 08P
9670 £d’0
BCZ'0 S5TT0
C6P’'0  TEFQ
&6°0 i6"0
e - 81z
e 0'e
e 004
£l (AR

£E0°0 () sso[pE-Elg T
£LL°0 (%) ssono-Byddpy 1
1870 (4 ssorhifas o],
{mnoad (@100 30 34
69 - JEU0d JAXOIIY
T 0 21qQNIOs-APINOIPAY-UTIPOS g
05T 0D qnos-TEEIo-TImMIoTmyY g
£5%°0 (vOV 72 ) 2an[os-1ies, 1
060 (vDv %) uned [EloL
61T {:1,) ynod Sunpf
] anea [d
S 1L © {xug) 37 SPI1OS S[quios
IL

somEnyudis [EINsHuS

alpioys sAUp 01IZ 1P FANYD,

4 WDIPY

wof addp fo parisparpioyy pronadnd-oawiyd wInjead 1o ROIMINISGRS dnifs wod fo W2 - 'z A1EV]



JEEIGIUSS-TOUL"G N SUONIRIAUY JOIWEdT) paE 3ERI0ISm | X S (I0IE) PIEPUEIS =XG 1330I0)¢ 0] S0P DOTIELEA—C
‘mef-dnifs w1od % o¢-t-asorms Fe0sma ] lweldnifs wica %,gp+dsodns 7 09=01 fwel-dnids woes 2408 +7s01on8

%e0L=¢1, ‘wefduds moa Yer+asorms ¥ ci—gp ‘wef-dnrds a109 % gz-+-oso1ons % ogmzL fwefos0rons %00 =L

(SN)LXSHSNIS $50°0  S§0°0 800 8£0°D REO°0  £50°0 vo FOM[A-Tlg T
(ENLXSHSNIS 05L°0 06L°0 95£°0 W'D 0SL0 FLL0 7o Fomipeeqdpy
5L°0  9L°0 LD BL0 G0 IR0 7o VSOTIR2 MIOL
co 0> 1Lxg . . (moad moryo 50y
VI00=Y5 {10'0>S 96 ¥6S UL Ol'F  SHp gog VIO PAXOFW
(100> i1xs . . .
9000 Q=X ‘([0°0>d) § 8910 9ET0 O6Z'Q  9IZ0 LIT'0  [L0°0 7 dQnIos-dprecipig—wmmipos g
. (500>} Lx§
'0000°0=XS {(20°0>d)S 0ST0 €920 6ST0 RZ0 60 £ECD U Jq[Os NEEXO-WHUOTIWY T .
(L0 0>d) 1X8 _ P : '
“2000°0=1S ((10°0>Q) S 08S°G £35S0 OKSQ 0TSO [0S0 §3pO “e SHNOS-LARA, ()
. W0 90T 01 60 160 520 WDV %) anoad Ei0)
SI't  SI'E SI'E 0I'f OIS 0I¢ snpes [d
82  §'8% S99 069  O'IL L (xtrg) 2 sprjos sjqujog
9L - Sl ¥, £L ZL [L
AUEGIIHE [EINISIBIS “—= sjuauodizesy

2304005 SADP (9 Io FIDS UDS Py - S

il Addn fo SIUSLDIDIEYD Y- 0o yd 101425 Yo Adpig)s Fun liotminsqns dads wie2 fo 12987 ¢ nmv Al



CREMICAL AND. ORGANOLESTIC CHARACTERISTIICE OF APFPLE JAM L1

The decrease in sodium hydroxide-soluble and amraonium oxalate-
sofuble pectin, and increase in water-soluble pectin in jam during storags agreed
with the findings of Appleman and Conard {1927}, Hsue! al. (1965), Kanujoso
and Luh (1967), Sattar and Rehman (1967), Haq and Rehman (1968}, Haider
(1970}, Arif (£971) and Mustafa (1971) who reported similar trend in different
processed Friit' products, The decrease in ammenium oxalate-soluble pactin
in jam during storage was at variancs with the observations of Rafiqua (1965),
* Ahmed and Rehman (1968) and Karim (1969), who observed an increass in
ammonium oxalate-solubl pectin in diffrent froit products during storage.

Alpha- and Beta-cellulose. 1n freshly prepared jam - and f-cellnlose
{on per cent fresh weight basis) varied bztween 0.73 to 0,77 =2 and 0.035 to
0.039% respectively (Table 2). Both these fractions tended to decrease with
the increase in corn syrup percentage in jam (P<0.01). The lintar trend from
Tl to T6 indicates that the decline in the values of alphn and beta fractions
was inversely related to ths amount of corn syrup in jam. However, during
storage period of 60 days, theic amount renained almost constant (Table 2 and 3).
This is also apparent from non-significant first-order interaction, treatmentx
storage (P=0.03), which suggests that the effect of treatments was inﬂ:p:ndaﬁt
of storage. R o =

Methoxyl Content of the Pectin: The data on methoxyl eoatent of fresh
and stored jam are given in Tables 2 and 3 respactively. In fresh jam the
average values ranged from 2,888 to 6.129 o/, Tho statistical analysis of the
data indicated that the substitution of corn syrup in jams significantly affected
the methoxyl content of the pactin (P<0.01). With the increass In Corn. syrup

. percentage from 207 to 30% in jam, the par cent methoxy! content tended to
decrease {as compared to jam with 1009 suerose). But there was a tendency
to increase with further increase in par cent cotn s¥Tup.

Data in tables 2 and 3 reveal that the methoxyl content of the pactin
further decreased significantly after 60 days of storage period (P<0.01) and
the decrease ranged betwoen 1,4 to 7.1% in diffcrent jams. ‘The significant
first-order interaction, treatmentsx storage, revealed that the effect of storage
was not independent of treatments (F<C0.05)." The maximum decrease ogeurred
in jam with 40%, corn syrup followed by 50%, while in the remaining jams the
decrease varied within 6 to 7%. The overall mean vaiues of methoxyl content
fell in order 2,802, 4.238, 4,621, 5.877, 5.988 and 6.042 for T4, T3, T2, T1,
T5 and T6 respectively, Comparison between the means fevealed that jam
with 502 and 402/ corn syrup were not diffsrent {P=0.05), 1est of the samples
were different significantly.
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It Is generally accepted that methoxyl content poverns the jelly formation
{Ripa, 1937}, although Myers and Bake (1926) believed that the jellies of desirable
firraness may be made with pectinic acid of wide range of methoxyl content.
They rather claltmed that jelly formation tend to increase with the decresse in
methoxyl content to about 8%, The present study partly supported the concept
of Myers and Baker and it further suggested that the jelly of desired firmness
<an be made even with pectin having 2 to 6% methoxyl content.

Organcleptic Evaluation: The aversge score for colour, texture, odour,
taste and flavour are given in Table 4. The apalysis of variance of data for each
. parameter sugeested that the colour, texture, odour, taste and flavour were not

affected by treatments, Again, the significant variation between judges
(P=0,01) were indicative of the fact that the judges were not vnanimous in
'_their opinion in most of the cases, except in evaluating the taste and texture,
where they have shown a unanimous opinion that the taste and texture wera
_ not affected by the treatments.

Although the scores far texture were not significantly different between
samples, the score for corn syrup substituted jam tended to be higher than for
- the jam prepared with sucrose oely. This trend is understandable in the lght
of the yole of differsnt ingredients in the {ormation of jam. Since the poly-
bydroxy compounds like sugar, form bridges between pectin molecules and
stabilize the structure by means of large numbsr of hydrogen bendings
(Kertesz, 1951), it is very likely that the cora syrup which contains 20%
tri- and tetrasaccharides (besides dextrose 115 and maltose 35%) may have
contributed in forming more bridges between pectm molecules,

These results reveal that jam of good quality ¢an be prepared b:,r teplacing
sucrose with high maltose corn syrup which has many advantages over sucrose.
It was suggested carlier by Tressler (1940), Meeker (1950), Lewis (1952}, Rauch
(1952), Cohee {i1953), Pangborn e al., (1959), Colquhoun {1961) and Kooreman
(1963} that corn syrup can subsitute 5 to 2574 of sucrose in jam. Coatrary to
their opinion, the present study indicates that sucrose can be replaced by high
maltose corn syrup from 20 to 502 without affecting the quality characteristics
of the jam.
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TaBLE 4. Average score for quality choraeleristics of lam prepared by
different levels of corn syrup substinution

Mean score
Quality Statistical significance
parameters TIL T2 T3 T4 T3 T6
Colour 48 56 46 54 5.6 53 J(P<0.01}; Sx=0.45;
T (N.5)
Texture 50 5.3 %4 5.1 54 54 J(NE; TNS
Odour 48 53 54 50 4.8 4.8 J(P<0.01); Sx=0.135;
T (N.5)
Taste 51 6.0 5.6 %51 50 47 J(NE),; TS
Flavour 47 5.1 50 5.0 3.6 4.6 J(P<0.01); Sx=3.25;

T (N.5)

J=variation due tojudges; T=variation due to treatment; Sx=standard ¢rror
For other ebbreciations, refer to foot-note table 3.
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