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Effect of adding Supercritical Carbon Dioxide Extracts

of Cinnamomum tamala (Bay Leaf) on Nutraceutical
Property of Tofu
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Abstract—Supercritical carbon dioxide extracts of Cinnamomum
tamala (bay) leaves obtained at 55°C, 512 bar was found to have
appreciable nutraceutical properties and was successfully employed
as value-added ingredients in preparation of tofu. The bay leaf
formulated tofu sample was evaluated for physicochemical properties
(pH, texture analysis and lipid peroxidation), proximate analysis,
phytochemical properties (total phenol content, antioxidant properties
and total reducing sugar), microbial load and sensory profile analysis
for a storage period of ten days, vis-a-vis an experimental control
sample. These assays established the superiority of the tofu sample
formulated with supercritical carbon dioxide extract of bay leaf over
the control sample. Bay leaf extract formulated tofu is a new green
functional food with promising nutraceutical benefits.

Keywords—Cinnamomum tamala, Physicochemical properties
Phytochemical properties, Supercritical carbon dioxide extraction,
Tofu.

1. INTRODUCTION

OFU is a soybean derived non-fermented food product

widely consumed for its nutritional benefits. It is popular
globally especially in the Asian countries [1]. It is a protein
gel like product and is consumed as soft, regular or packed
tofu [2]. Tofu being an alternative inexpensive source of
protein could possibly redress malnutrition problem. Several
factors affect quality of tofu, such as cultivar of soybeans [3],
[4], its processing methods [2], [5]-[7] and type of coagulants
used in its preparation [8]-[10].

Tofu is a favorable medium for microorganisms owing to
its high protein and moisture content. Polyunsaturated fatty
acids (PUFA) in tofu are particularly susceptible to oxidation
by free radicals and ROS [1]. Shelf life of tofu can be
extended by smoking, by natural coagulants such as fruit
juices and acetic acid, by addition of chitosan and by use of
preservatives [11]-[13].

Cinnamomum tamala Nees, commonly known as bay leaf,
is one of the commonly used ingredients in Indian cookery.
It’s free radical scavenging activity has been explored by
several researchers [14], [15]. It is also known to have other
therapeutic properties such as antimicrobial [16] and anti-
inflammatory [17]. Eugenol is one of the main chemical
constituents of bay leaves among several others such as B-
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caryophyllene, linalool, cinnamic aldehyde, and cinnamyl
acetate [18]. However, report of bay leaf extracts in food
processing and preservation are scanty. It has been reported to
be used as a preservative in pineapple juice [19]. We envisage
designing a new green tofu product using bay leaf extract

without compromising its sensory attributes.

The extracts from natural sources are commonly obtained
by hydro distillation and solvent extraction. The green
technology of solvent-less supercritical carbon dioxide (SC-
CO,) extraction is a better alternative over these conventional
extraction methods, since these latter methods pose problems
of thermal degradation, hydrolysis and water solubilization of
desirable constituents, besides environment and health
hazards, owing to the presence of residual solvents in the
extracts [20]. SC-CO, extraction circumvents all these
problems and additionally offers the advantage of selective
extraction of desired active ingredients from natural matrices
simply by altering the extraction parameters, such as
temperature, pressure, extracting time and flow rate of CO,.

We have investigated SC-CO, extraction of Cinnamomum
tamala Nees and assayed the extract for its phytochemical
properties. The SC-CO, extract with maximum eugenol
content (0.721+0.101 mg/ g dry bay leaf powder) was
obtained at 55°C, 512 bar after lh extracting time.
Comparative evaluation of its phytochemical properties with
extracts obtained by the conventional techniques, established
that this extract had the best combination of eugenol and total
phenols; along with reducing power, anti-inflammatory,
antimicrobial and antioxidant activities. Further GC-MS
analysis was performed to identify other active components
along with eugenol in the extract.

We then aimed in examining the feasibility of formulating a
new tofu product with enhanced nutraceutical properties,
using this extract of SC-CO,. Two sets of tofu samples — one
with bay leaf extract (B) and a control sample (C), were
prepared in our laboratory. The samples were compared for
their physicochemical properties (moisture, pH, and texture
profile analysis and lipid peroxidation), proximate analysis,
phytochemical properties (total phenol content, antioxidant
property and reducing power), microbial load and sensory
properties for a storage period of ten days. This study reports
for the first time on ‘green product design’ of tofu using SC-
CO, extract of bay leaves and their physicochemical,
phytochemical, microbial and sensory properties.
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II. MATERIALS AND METHODS
A. Materials

Soybeans and Cinamomum tamala (bay leaves) were
purchased from a local market of Jadavpur (West Bengal
region of India). Specialty chemicals such as eugenol (99%
pure), 1,1-diphenly-2-picrylhydrazyl (DPPH), sodium
nitroprusside and gallic acid were procured from M/s Sigma,
India. Folin-Ciocalteu’s reagent (FCR), chloroform, methanol,
dichloromethane, n-hexane, sodium carbonate, aluminium
chloride, potassium acetate and sodium sulfate were procured
from M/s E-Merck, India. All chemicals, solvents and buffers
used in the work were of AR grade.

B.SC-CO, Extraction of Bay Leaf Extract

For SC-CO, extractions, a SPE-ED SFE 2 model of M/s
Applied Separations, Allentown, USA, was used. It comprises
of a modifier pump (Speed MAX P/N 7025) fitted with
refrigerated cooling bath to chill the pump head at -2°C. 10g
bay leaf powder was charged into a 50ml SS 316 extraction
vessel. The flow rate of CO, (food grade) was maintained
constant at 25.0cm’/s for extraction. A central composite
rotatory design (CCRD) was used to study the supercritical
extraction processes. Liquid CO, was compressed to desired
pressure and then continuously pumped into the extractor. A
static time of 30 min and dynamic time of 30 min were kept
constant throughout the experimental trials since variation of
these had insignificant effect on the extract yield. The extracts
obtained were waxy, semi-solid in nature, were
gravimetrically weighed and successively stored in amber
colored screw capped glass vials at 4°C (post dilution in
minimum amount of food grade ethanol), until further
analyses. All experiments were conducted in triplicate in each
extraction mode.

C. Evaluation of Phytochemical Properties of the SC-CO,
Bay Leaf Extract

Total phenolic compounds of the bay leaf extracts was
estimated using Folin-Ciocalteu method [21] and expressed as
g gallic acid equivalent/g dry bay leaf powder and its reducing
power was assayed in accordance to the method of Oyaizu
[22] and reported as mg BHT equivalent/g of dry bay leaf
powder, from their respective standard curves. The antioxidant
activity was determined by DPPH method and expressed as
ICso values (defined as the concentration of the test material
which brings about a 50% decrease in initial DPPH
concentration) [23], [24].

D. GC-MS Analysis of SC-CO; Extract of Bay Leaves

The SC-CO, extract obtained at 55°C and 512 bar having
the best combination of phytochemical properties was
analyzed by GC-MS for identification of its chemical
constituents. A Polaris Q Mass Spectrometer coupled with
Trace GC Ultra Gas Chromatography and DB-5 MS fused
silica capillary column (30 x 10°cm x 0.025¢m i.d; 0.25 x 107
cm film thickness) was employed. The oven module was
programmed as follows: it was held isothermally at 85°C for 3
min, then increased at the rate of 2°C/min to 200°C with

holding time of Imin; then further increased to 250°C at the
rate of 3°C/min with holding time of Smin and finally
increased to 300°C at the rate of 10°C/min and held for 15min.
Helium was used as the carrier gas at a flow rate of 0.02cm’/s.
1ul (1 x 10”cm’) of the sample was injected in split less mode
through the injection port held at 280°C. The ionization of the
sample was achieved in the EI mode (70eV) and the
acquisition mass range was set in the range of 35 to 350amu.
The chemical compounds in the extracts were identified by
computer matching of the chromatogram peak profiles with
the NIST (2007) library and with literature reports [25]-[27].

E. Preparation of Tofu

Among all SC-CO, extracts obtained, 0.467g of bay leaf
extract obtained by a single extraction run of SC-CO, at 55°C,
512bar had the maximum eugenol content (0.721mg/g dry bay
leaf) with best combination of the above phytochemical
properties. The whole bay leaf extract was added to the tofu
preparation without any health concerns, since bay leaves
reportedly have insignificant toxicity [28].

Tofu was prepared as follows- soybeans (100g) were
soaked overnight in water at room temperature (26°C),
drained, rinsed and ground in 1000cm’® water using a mixer
grinder (Phillips Mixer Grinder, Model-HL 1618, Phillips
India Ltd, Chennai, India) at high speed. The resulting slurry
was heated for 50min to eliminate the characteristic ‘beany’
flavor. The soymilk was obtained from the slurry by filtering it
through double layered cheesecloth. The solid content of the
soymilk was measured using a hand held refractometer
(ERMA Hand Refractometer, Erma Inc, Tokyo, Japan) and
was found to be of 10-11°Brix. Bay leaf extract (0.467mg/
100g soybean) obtained by SC-CO, along with citric acid (2%
w/v) coagulant was added to the bulk soymilk maintained at
80°C-90°C. The ingredients were stirred well to obtain a
homogeneous mixture and allowed to coagulate at room
temperature (26°C) for 15min. The curd thus obtained was
gently transferred to a perforated SS container (10cm x 6¢cm x
30cm) lined with double layered cheese cloth and pressed for
30min using a brick weighing 500g. The prepared tofu was cut
into pieces of 2cm X 2cm % 2cm dimensions and stored in
drinking water in screw capped glass jars under refrigerated
conditions at 4°C prior to analyses (Fig. 1).

Fig. 1 Laboratory prepared tofu samples without and with SC-CO,
extracts of bay leaf
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F. Proximate Composition Analyses

The proximate composition analyses of the tofu samples
were performed according to AOAC method 2000 for
moisture, protein, crude fat, crude fibre, ash and carbohydrates
by difference [29].

G. Determination of Physicochemical Properties of Tofu
Samples

1.PH

The pH of the tofu sample was measured using pH meter
(Model-PC 510 pH, M/s Eutech Instruments, Singapore). 5g
of tofu samples were homogenized with 25ml deionized water
using mortar and pestle and then filtered through single
layered cheese cloth to measure pH of the sample [13].

2. Texture Profile Analysis

The texture profile analysis (TPA) of tofu samples was
conducted using Instron texture analyzer (M/s Instron Inc.,
Buckinghamshire, UK, model number 4301) with a 20 x 10’
dynes load cell and a 4cm diameter cylindrical plunger and
0.25cm/s velocity of the head. The tofu samples were cut into
cubes of dimension 2cm x 2cm x 2cm from central portion of
the tofu cake and compressed to 50% of original height. The
texture parameters of tofu such as hardness, springiness,
cohesiveness, gumminess and chewiness, were determined on
0,2, 5,7 and 10® days of storage. The experiments were
conducted in triplicates and values were reported as mean +
SD of three experimental analyses of each sample.

3. Lipid Peroxidation in Tofu Samples

Peroxidation of PUFA present in tofu causes rancidity and
was estimated by malondialdehyde formation during storage.
The percentage of malondialdehyde formed was measured
according to the method of Ohkawa et al. [30].

H. Determination of Phytochemical Properties of the Tofu
Samples

For determination of phytochemical properties, 5g tofu
samples were extracted with 50cm® methanol under constant
rotatory shaking (190rpm) at 26°C for 4h. Appropriate dilution
of the extracted solution was used for different assays and the
experimental samples were centrifuged at 1,677g for 10min
before recording OD in a UV-Visible spectrophotometer
(Hitachi U-2000 spectrophotometer, Tokyo, Japan). Total
phenol content, antioxidant property and reducing power of
the tofu samples were determined as described above in
Section II.C.

1. Microbiological Analysis of Tofu Samples

1. Total Aerobic Plate Count

1g of tofu sample was mixed with 4cm” of 0.1% peptone
water (10" dilution) and serially diluted up to 10” dilution
with peptone water (0.1%). 100ul (100 x 10°cm’)of the
sample solution was cultured on plate count agar medium
(PCA, Himedia) and incubated at 37°C for 24h. The following
day, the total number of colonies were counted and expressed
as CFU/g [11].

3

J. Sensory Evaluation of Tofu Samples

Sensory evaluation of tofu was carried out by a semi-trained
panel of 10 members consisting of University staff and
students. The panel was first trained on attributes of definition
and scaling procedure by a professional tester. On each
sampling date, the coded samples were randomly presented to
each panelist, with a rest period between sample presentations
to minimize sensory fatigue. Sensorial sessions were
conducted in an air-ventilated room under white light. The
tofu samples were evaluated for appearance, texture, odor,
color, after taste and overall acceptability using standard 9-
point Hedonic scale (1-extremly dislike; 9-extremely dislike),
according to the method described by Ranganna [31].

K. Statistical Analysis

In this experiment, one-way ANOVA was performed to
observe for significant differences among the physicochemical
and phytochemical properties among different samples of tofu.
A p-value of 0.05 was used to verify the significance of all
tests. All statistical tests were performed by STATISTICA
Software version 8.0 (Statsoft, OK, USA).

III. RESULTS AND DISCUSSION

A. Phytochemical Properties of Bay Leaf Extracts

Maximum amount of eugenol (0.721mg/g dry bay leaf) was
obtained by SC-CO, extraction at 55°C, 512 bar and this
extract was evaluated for its phytochemical properties. Total
phenolic content of this extract was found to be 1.77mg of
gallic acid equivalent/g dry bay leaf powder. The reducing
power was found to be 0.80mg BHT equivalent/g dry bay leaf
powder and the ICs, values for DPPH radical scavenging
activity was found to be 0.20 mg/ml. The extract was found to
be nutraceutically enriched with these phytochemical
properties and further formulation of tofu was performed
employing this extract.

B. GC-MS Analysis of the SC-CO, Extracts of Bay Leaf

The compounds in the eugenol-rich fraction of SC-CO,
extract (55°C, 512 bar) of bay leaves were identified by GC-
MS (Fig. 2) and have been reported in Table 1. It is observed
that eugenol is one of the major compounds in the bay leaf
extract; besides [-sitosterol, a- pinene, B- elemene, B-
caryophyllene, spathulenol, caryophyllene oxide and
cinnamayl acetate, all of which are reported to have
nutraceutical properties [19].

C. Proximate Composition

The percentage moisture, protein, crude fat, crude fiber, ash
and carbohydrate content of the prepared tofu samples were
found to be 75, 14, 3.9, 0.6, 0.6 and 4.9 respectively. No
significant change in proximate composition of tofu samples
were observed with addition of bay leaf extracts in the same.
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Fig. 2 GC-MS chromatogram of SC-CO, extract of bay leaves
obtained at 55°C, 512 bar and 60 min extraction time

D. Effect of Adding SC-CO; Extracts of Bay Leaf on
Physicochemical Properties of the Tofu Sample

1. Effect of Adding SC-CO, Extracts of Bay Leaf on pH on
Tofu Samples

The pH values of tofu samples have been tabulated in Table
IL. It is observed that there is a significant change (p = 0.000)
in pH values of both samples (B and C) over the period of ten
days. A decrease in pH values of both samples was observed
on the second day of storage. Similar effect on variation of pH
in tofu samples was observed due to rapid growth of
microorganisms and decomposition of protein therein in
agreement with Tuitemwong and Fung [32]. The logarithmic
phase of bacterial growth in the tofu samples during the first

two days (discussed in Section IIL.F) could have resulted in
effective utilization of nutrients, acid production and decrease
in pH values in agreement with Anbarasu and Vijayalakshmi
[1]. Although the pH of sample B increased slightly after two
days of storage, sample C registered a decrease in pH
indicating formation of acidic compounds in it consequent to
microbial proliferation which is in agreement with our
microbial study (Section III.F).

TABLEI
LIST OF MAJOR COMPOUNDS IDENTIFIED IN GC-MS
Peak R.T. [M]+ Base Peak Identified
No. (min) (m/z) Peak Area Compounds™
(m/z) (AU)
1 7.26 136 93 18599 a-pinene
2 16.67 N.A 81 295765 B-elemene
3 18.32 164 163.69 10550974 Eugenol
4 21.35 204 93 1875318 B-caryophyllene
5 30.03 220 43 585813 Spathulenol
6 38.85 204 93 45624 Bicyclogermacrene
7 44.85 176 43 36259 Cinnamyl acetate
8 54.19 N.A 62 15169 NI
9 65.99 220 43 97429 Caryophyllene oxide
10 86.77 N.A 71 240903 NI
11 87.65 486 357 2158860 B-sitosterol
12 98.73 426 43 509307 Lupeol

* Identifications were carried out using NIST 2007 and R.P. Adams [27],
Identification of essential oil components by gas chromatography/mass
spectrometry.

AU, N.A and NI stand for arbitrary unit, not available and not identified
respectively.

TABLE II
PHYSICO-CHEMICAL PROPERTY OF THE TOFU SAMPLES OVER THE TEN DAYS STORAGE PERIOD

pH* Moisture content (%)* Malondialdehyde content (mg/100g tofu sample) *
Days Sample C Sample B Sample C Sample B Sample C Sample B
0 6.78+0.95a 6.83+0.83a 75.12+1.21a 74.93+1.24a 5.61£0.79a 4.72+0.74a
2 6.31+0.83b 6.61+£0.84b 78.14+1.72b 75.39+£1.31b 5.79+0.78b 4.73+0.63a
5 6.22+0.82¢ 6.65+0.83¢c 79.67+1.81¢c 75.68+1.33¢ 5.93+0.79¢ 4.74+0.52b
7 6.21+0.80c 6.66+0.81c 81.89+1.92d 75.89+1.43d 6.17+0.81d 4.75+0.42b
10 6.18+0.79d 6.72+0.84d 83.13+£1.98¢ 75.97+1.44d 6.37+0.83¢ 4.75+£0.31b

¥ICso of DPPH, Total phenolic content and reducing power of tofu samples are mean +£SD of three independent experiment performed at 23+2°C.

Different letters in a column indicates significant differences at p < 0.05 level.

2. Effect of Adding SC-CO, Extracts of Bay Leaf on
Moisture Content of the Tofu Samples

The moisture content of the tofu samples (Table II) changed
significantly (p = 0.000) with storage time. There was a
significant difference between the moisture content of C and B
(p = 0.009). The moisture content of C increased relatively
more than B. At the end of ten days, structure of C was less
compact than B. This loosening of structure could have been
consequent to the disintegration of proteins and oxidation of
lipid globules therein, as also observed by Anbarasu and
Vijayalakshmi [1]. The addition of bay leaf extract in tofu
maintained the structural integrity of tofu which showed less
increase in moisture content.

3. Effect of Adding SC-CO, Extracts of Bay Leaf on Lipid
Peroxidation of Tofu Samples

Lipid peroxidation of the tofu samples was assessed by
measuring the malondialdehyde content in tofu samples (Table
I). It was observed that the malondialdehyde content
increased for C while it remained almost constant for B, with
storage. The peroxidation in B was less compared to that in C.
This slow peroxidation in the former is attributed to the
antioxidant property of the bay leaf extract (Section II1.4).

4. Texture Profile Analysis of Tofu Samples

The texture analyses data of both C and B samples are
shown in Table III. It was observed that on day zero, B was
softer than C, which reversed on day 5 of storage with
increased moisture content of C. Structure of C deteriorated
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more than B, with a concomitant increase in malondialdehyde
and moisture content of this sample (Table II). After seven
days, C deformed drastically compared to sample B.
Cohesiveness of B was less compared to C on day zero, which
may be attributed to weak internal bonding in the former
caused by intervention of the administered leaf extract during
coagulation. However, cohesiveness in B did not decrease
significantly with time as was true for C, which showed

increased deterioration in cohesiveness with storage time.
Springiness of sample C was more compared to B over the
entire storage period of ten days. Chewiness of C was more
compared to B in the initial period of storage, but decreased
rapidly indicating comparatively increased deformation of the
former. Therefore, textural attributes were better retained in
the bay formulated tofu sample B compared to the control
sample.

TABLE III
TEXTURE ANALYSIS OF THE TOFU SAMPLES OVER THE TEN DAYS STORAGE PERIOD

Hardness (N)* Cohesiveness® Springiness (mm)* Gumminess (N)* Chewiness (Nmm)
Days Sample C Sample B Sample C Sample B Sample C Sample B Sample C Sample B Sample C Sample B

15.13+1.10a 10.21+1.03a 0.46+0.04a 0.47+0.03a 5.67+1.04a 5.37+1.03a 7.006+1.07  4.89£1.02 39.73+1.41 26.29+1.29
0 a a a a

10.27+1.04b 10.14+1.07b 0.43+0.05b 0.40+0.05b 5.43+1.03b 5.20+1.05b 4.50+1.03b  4.57£1.02  24.51+1.32  23.81£1.26
2 b b b

9.014+1.03¢ 10.09+1.04a 0.38+0.03¢ 0.34+0.02¢ 5.38+1.03¢ 5.17+1.03¢ 3.48+1.046  3.59+1.01 18.78+1.21 18.59+1.21
5 c c c c

8.082+1.02d 9.89+1.02¢ 0.36+0.03d 0.30+0.02d 5.27+1.02d 5.14+1.04d 2.96+1.03d  2.97+1.01 15.63£1.18 15.32+1.12
7 c d d

4.671+1.01e 9.09+1.01d 0.32+0.03¢ 0.28+0.01e 5.20+1.03d 5.10+1.03e  1.527+1.02  2.32+1.01  7.946+1.16  11.88+1.11
10 e d e e

*Hardness, Cohesiveness, Springiness, Gumminess and Chewiness of tofu samples are mean +SD of three independent experimental data.

Different letters in a column indicates significant differences at p < 0.05 level.

E. Effect of Adding SC-CO, Extracts of Bay Leaf on
Phytochemical Properties of Tofu

Addition of bay leaf extract increased the total phenol
content (Table IV) of B significantly (p = 0.000), compared to
C. With storage period, there is a rapid decrease in phenol
content of C while there was no significant change (p = 0.101)
in B. The antioxidant property (Table IV) gradually
deteriorated in C; whereas the antioxidant property of the bay
treated sample remained almost constant over the entire
storage period of ten days. The reducing power of B was
higher than C (Table IV) and remained almost constant, while
it deteriorated in C over time. To conclude, all phytochemical

properties of the bay formulated tofu were higher than the
control sample.

F. Microbiological Analysis of Tofu Samples

There was a significant change (p = 0.024) in the microbial
load in either sample, over the storage period of ten days
(Table V). The microbial count of B was lesser than C. Rapid
growth of microorganisms was observed in both the samples
in the first 24 to 48h; however, a decrease in the same was
observed with storage period in B, contrary to that in C. The
antimicrobial property of the bay leaf extract contributed to
reduced microbial growth in sample B.

TABLE IV
PHYTOCHEMICAL PROPERTIES OF THE TOFU SAMPLES OVER THE TEN DAYS STORAGE PERIOD

Antioxidant activity (ICso of DPPH radical
scavenging activity) (mg/ml)*

Total phenolic content
(mg equivalent GA/g tofu) *

Reducing Power
(mg equivalent BHT/g tofu)*

Days Sample C Sample B Sample C Sample B Sample C Sample B
0 8.91+1.17a 0.76+0.08a 0.12+0.05a 0.27+0.02a 0.08+0.04a 1.08+0.09a
2 9.91+1.18b 0.80+0.08a 0.10+£0.03a 0.26+0.03a 0.06+0.04a 0.98+0.08b
5 10.52+1.19¢ 0.77+0.07a 0.08+0.02a 0.25+0.04a 0.05+0.03a 0.96+0.08b
7 13.82+1.20d 0.78+0.07a 0.07+0.01a 0.24+0.03a 0.03+0.02a 0.95+0.09b
10 18.86+1.24¢ 0.79+0.06a 0.05+0.01b 0.24+0.01a 0.01£0.01a 0.9420.09b

¥ICsy of DPPH, Total phenolic content and reducing power of tofu samples are mean +SD of three independent experimental data.

Different letters in a column indicates significant differences at p < 0.05 level.

TABLE V
MICROBIOLOGICAL STUDY OF THE TOFU SAMPLES OVER THE TEN DAYS STORAGE PERIOD

Total plate counts (CFU/g)

Days Sample C* Sample B
0 2x10* 1x10*
2 4x10* 3x10*
5 4x10* 2x10*
7 5x 10 2x10*
10 6x10* 3x10*

“Different letters in a column indicates significant differences at p < 0.05 level
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G. Sensory Analysis of the Tofu Samples

The results of sensory studies have been presented in a
radar plot (Figs. 3 (a), (b)). The appearance of both tofu
samples i.e., their color and block geometry were sensorically
approved. With time, appearance of sample C deteriorated
faster than sample B. Texture was much better retained in B
than in C (as shown by texture profile analysis data in Table
IIT) in accordance to the trend in moisture content of the
samples (Table II). The aroma of sample B was preferred over
sample C. The herbal aroma of B sample masked the beany
flavor of soybean. With increase of storage time, the aroma of
sample B improved and was preferred by the sensory panel,
whereas for sample C, the aroma deteriorated significantly and
was not approved by the panel. This could have been due to
increase in lipid peroxidation and subsequent increase in
MDA content (Table II) in C causing typical rancidity aroma,
not detected in sample B. With increased storage time, the
color of sample C faded which was not observed in B. The
after-taste is one of the important parameters of sensory
analysis. A distinct aftertaste of herbal extract was detected in
B on the first day which was more appealing sensorically than
the control sample. Over storage time, the after-taste of C
deteriorated rapidly and bitter taste was observed after seven
days; however, there was no disagreeable aftertaste of sample
B over the entire storage period. The hedonic scale score of
overall acceptability at the end of ten days for sample B was 6,
vis-a-vis 4 for the control sample. These studies concluded
that the addition of bay leaf extract in the tofu formulation
improved its acceptability over the control sample.
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Fig. 3 (a) Radar plot of hedonic scores of control tofu sample
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Fig. 3 (b) Radar plot of hedonic scores of bay leaf formulated tofu
sample

IV. CONCLUSIONS

The addition of SC-CO, extract of bay leaves improves the
phytochemical and the physicochemical properties of the tofu
sample over the storage period of ten days. The texture profile
analysis confirmed the structural stability of the bay leaf
treated sample over the control sample throughout the storage
period of ten days. The microbial analysis along with the
sensorical studies affirms the acceptability of the tofu sample
with enhanced nutraceutical property. We advocate the tofu
sample with SC-CO, extract (55°C and 512 bar) of bay as a
new green functional food with appreciable nutraceutical
properties.
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