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Abstract

This study was to establish irradiation process for serving ginseng chicken porridge to immune-compromised patients. Raw

chicken, glutinous rice, ginseng, garlic, dried jujube and carrot were used as raw materials for ginseng chicken porridge. The

initial level of microorganisms contaminated in raw materials and their predominant species were determined. The level of

microorganism detected in raw chicken and in ginseng were 3.4 Log CFU/g and 4.7 Log CFU/g, respectively. Major pre-

dominant microorganisms were Pseudomonas fragi in chicken, Enterobactor faecalis in carrot, and Bacillus subtilis in other

materials. Chicken and carrot were excluded from irradiation treatment because ordinary thermal treatment can inactivate

the microorganisms contaminated in those materials. Five kGy of gamma ray was the effective sterilizing dose required to

inactivate B. subtilis in glutinous rice, garlic and jujube, and 10 kGy in ginseng. Ginseng chicken porridge was prepared

with each of raw materials gamma-irradiated with the selected sterilizing doses. Control was ginseng chicken porridge pre-

pared with non-irradiated materials. The growth of microorganisms was not observed in the chicken porridge prepared with

irradiated raw materials. Sensory results showed that the score of flavor and off-flavor was slightly lower in ginseng chicken

porridge prepared with irradiated raw materials than in control. This was considered to be due to the increase of TBARS

values by gamma irradiation. However, there was no significant difference on overall acceptance between the porridge pre-

pared with irradiated raw materials and control. The results showed that the individual gamma irradiation of raw materials

can be applied to prepare ginseng chicken porridge as meals for the immunocompromised patients.
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Introduction

Nutritional supply to immunocompromised patients

should be considered with the nutritional requirement and

rigid hygienic quality with very low contamination level

(< 1.0 Log CFU/10 g) of microorganisms of the served

foods for their remediation and recovery (Richard and

Walter, 1998). There is no choice but to apply severe pro-

cessing methods such as heat treatment under high pres-

sure and treatment of sanitary reagents to match hygienic

condition and to improve malnutrition (Bruun et al.,

1999; Edington et al., 2000; Waitzberg et al., 2001). How-

ever, as these methods accompany the deterioration of

organoleptic quality or minimal nutrients of foods served

for the patients (Al-Baali and Farid, 2006), alternative food

processing methods minimizing the change has been re-

quired to supply commercial products for safe intake of

immunocompromised patients (Zhang et al., 2003).

In Korea, ginseng chicken porridge is particularly pop-

ular for the diet of the elderly and the infirm, and also as

a breakfast food. According to survey conducted in Ko-

rean retail market, chicken porridge was the most fre-

quently consumed one among other porridges made with

rice, red bean, mung bean, pumpkin, abalone, and pine

nut (June et al., 1998). The common way to prepare gin-

seng chicken porridge is to cook chicken in water with

white rice, ginseng and a variety of vegetables such as

carrot, onion, pumpkin and scallion by thermal treatment.

As ginseng chicken porridge is prepared using high pro-

tein chicken, high carbohydrate rice and lots of vegeta-

bles, it is known to be healthy, nutritious, and easily dige-

stible food (Shin and Ryu, 2008). Therefore, porridges

including ginseng chicken porridge have been applied to

the initial supply and the improvement of nutrition for

patients because of its high digestion ability (Bahwere et
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al., 2009; Han et al., 2011).

However, ordinary thermal treatment used for cooking

ginseng chicken porridge cannot eliminate all microor-

ganisms present in the food. One of the reason is the pres-

ence of thermo-stable bacteria (Bacillus sp.) contami-

nated in rice and other vegetables (Leff and Fierer, 2013;

Oh et al., 2007), which is used for the preparation of var-

ious porridges. This make the thermal treatment difficult

to meet the rigid hygienic quality required for immuno-

compromized patients. Therefore, it requires a combina-

tion with other food sanitary methods for the bacteria-free

preparation of porridge served for immuno-compromised

patients.

Irradiation technology has been considered as an effec-

tive sanitary method to prevent food poisoning by inacti-

vating harmful pathogens and to extend the shelf life of

foods reducing spoilage (Farkas, 2006). Unlike thermal

treatment, this technology has relative economical and

nutritional advantages. However, as irradiation technol-

ogy can enhance the generation of off-flavor or accelerate

lipid oxidation in foods when irradiated with a high dose

(Kim et al., 2009; Park et al., 2010a; Park et al., 2010b),

the irradiation dose or method applied should be effec-

tively selected to alleviate the formation of off-flavor,

considering to the initial contamination level and predom-

inant species of microorganisms in target foods.

In this study, the initial level of microorganisms and

major predominant species of raw materials used for the

preparation of ginseng chicken porridge was investigated,

and the effect of gamma-irradiation on the sensory quality

of ginseng chicken porridge prepared with individually

gamma-irradiated raw materials was evaluated.

Materials and Methods

Materials

Chicken (whole body), glutinous rice, ginseng, garlic,

carrot, and jujube as raw materials for ginseng chicken

porridge were purchased from local market in Jeongeup-

si in South Korea. All materials were individually washed

within tap water, and were cut with proper sizes prior to

making ginseng chicken porridge. For the determination

of the initial contamination level and the predominant

species of microorganisms, two of 50 g of raw materials

were individually vacuum packaged into an sterile alumi-

num-laminated low-density polyethylene (Al-LDPE, Sun-

kyung Co., Ltd., Korea), and stored in a refrigerator until

tested.

Gamma irradiation

Glutinous rice, ginseng, garlic and jujube were irradi-

ated in a cobalt-60 gamma irradiator (AECL, R-79, MDS

Nordion Inc., Canada) at the Korea Atomic Energy Re-

search Institute (Jeongeup, Korea). The source strength

was approximately 11.1 PBq with a dose rate of 10 kGy/

hr, and the actual doses were within 2% of the target doses.

The absorbed doses were measured using the alanine-EPR

dosimetry system (ISO/ASTM 51607:2003) (ASTM, 2004).

Preparation of ginseng chicken porridge

The list of raw materials for ginseng chicken porridge

was provided in Table 1. The individually gamma-irradi-

ated glutinous rice, ginseng, garlic and jujube, and non-

irradiated chicken and carrot were used for the prepara-

tion of ginseng chicken porridge. Control was prepared

with all non-irradiated raw materials. And, all cookery

instruments (pot, wooden scoop, spoon and cheesecloth,

etc) were autoclaved for sanitation. Washed chicken

(1,000 g) was put into a pot with 4 L of deionized distilled

water (DDW, w/w), boiled at 100oC for 2 h, and cooled at

room temperature. Meat were separated from cooked chi-

cken, sliced to small size with about 0.5 cm of thickness,

and stored at 4oC. Chicken broth was filtered with 4 lay-

ers of cheesecloth for use of the porridge soup stock. Glu-

tinous rice soaked in a DDW for 2 h, sliced ginseng (0.2

cm of thickness), carrot cut (0.3 cm × 0.3 cm), jujube, and

about 3.9 L of chicken soup stock were put into the pot,

and cooked at 100oC for 30 min by gently stirring with

wooden scoop. Salt was added at the final step of cooking

and the porridge samples were cooled at room tempera-

ture and used for subsequent experiments.

Total bacterial population

Total bacterial populations in raw materials and ginseng

chicken porridge samples were determined using the me-

thod of Park et al. (2010a). In brief, 10 g of sample was

Table 1. Formula for preparing ginseng chicken porridge

Ingredient Quantity (g) %

Chicken 1,000 17

Ginseng 30 0.5

Glutinous rice 500 8.8

Dried Jujube 50 0.9

Garlic 100 1.7

Carrot 50 0.9

Salt 10 0.2

Water 4,000 70

Total 5,740 100
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aseptically placed in a sterile bag (10×15 cm; Sunkyung

Co., Ltd., Korea) with 100 mL of peptone water (0.1%)

and pummeled in a stomacher (Model 400, Tekmar Co.,

USA) for 1 min. The stomached solution of sample was

used to test the growth of the total bacterial populations in

a plate count agar (Difco Laboratories, USA). Plates were

incubated at 37oC for 48 h, and colonies on plates were

manually counted.

Identification of predominant bacteria

For determination of predominant bacteria in raw mate-

rials used for preparing ginseng chicken porridge, identi-

fication test by 16S rDNA was performed using the me-

thod of Edwards et al. (1989). Bacterial genomic DNA

was extracted from isolated colony using a genomic DNA

isolation kit (MPBiomedicals LLC, USA). The extracted

DNA was purified using a QIA quick DNA purification

kit (Qiagen, USA). Amplification of 16S rRNA gene was

carried out with PCR reactions using 2 universal primers;

27F (5’-AGAGTTTGATCTGGCTCAG-3’) and 1492R

(5’-ACGGTACCTTGT-TACGACTT-3’). PCR products

were purified using the QIA quick Gel Extraction Kit.

The purified products were sequenced at Solgent Inc.

(Daejeon, Korea) using an ABI3730XL automatic DNA

sequencer. DNA sequences of 16S rRNA gene were ana-

lyzed using software from the BLASTN program (Na-

tional Center for Biotechnology Information, 2009).

Bacterial growth test for the evaluation of steriliza-

tion

For the determination of the survival of bacteria in

gamma-irradiated raw materials and final product of gin-

seng chicken porridge prepared with irradiated materials,

bacterial growth test was performed by the guideline sug-

gested from Korea Food and Drug Administration (KFDA,

2010), which is used for the sterility test for bacterially

decontaminated food products such as retort pouch, and

sterilized food can or cooked rice. In brief, 5 g of sample

was aseptically placed in a sterile bag with 45 mL of pho-

sphate buffered saline (pH 7.4) and pummeled in the sto-

macher for 20 sec. One mL of the stomached solution was

individually put into 3 test tubes with 9 mL of thioglycol-

late medium (Difco Laboratories, USA). The tubes incu-

bated at 35oC for 48 h and the changes of the color of the

medium were observed. Any tubes with yellowish color

in all 3 tubes were regarded as no sterilized samples, and

all 3 tubes with no changes of color were considered as

sterilized sample.

Sensory evaluation

Sensory evaluation of the samples was conducted by 10

panels trained according to the method described by Han

et al. (2011). Sensory scores of samples were referred to

using a 7 point descriptive scale where 1=extremely dis-

like or extremely weak to 7=extremely like or extremely

strong. Prior to evaluation, about 200 g of samples were

put into a white soup bowl with a cap and heated in a

cooker (NU-VU ES-3 cooker, Menominee, USA) at 50oC

for 10 min. Samples labeled randomly were served to pan-

els.

Measurement of lipid oxidation

Lipid oxidation was determined using the method of

Ahn et al. (1999), which was based on the measurement

of 2-thiobarbituric acid reactive substances (TBARS). Sam-

ple (2 g) was homogenized in a 50 mL centrifuge tube

with 50 uL of butylated bydroxyanisol (7.2% in ethanol)

and 20 mL of distilled water, using a homogenizer (Silent-

crusher M, Heidoph Co., Ltd., Germany). One mL of ho-

mogenate was mixed with 1 mL of 20 mM 2-thiobarbitu-

ric acid (15% in trichloroacetic acid solution), heated in

boiling water for 15 min, and centrifuged for 20 min at

2,500×g, using a centrifuger (UNION 5 KR, Hanil Sci-

ence Industrial, Co. Ltd., Korea). The absorbance of the

supernatant was measured at 532 nm by a spectrophotom-

eter (UV 1600 PC, Shimadzu, Japan) and the resulting

value was calculated as mg malondialdehyde/kg.

Statistical analysis

Samples were analyzed in triplicate and each experi-

ment was performed 5 times. The results were presented

as mean±standard deviation. All data were analyzed by the

general linear model procedures of SPSS statistical pack-

age (Windows ver. 10.0, SPSS Inc., USA, 2009). Dun-

can's multiple range test was used to compare means and

significance which was established at p<0.05.

Results and Discussion

Microorganisms contaminated in raw materials

Table 2 shows the level of microorganisms contaminated

in raw materials used for the preparation of ginseng chi-

cken porridge. The initial contamination level of microor-

ganisms of raw chicken meat as major material was 3.4

Log CFU/g. Among those materials, the highest contami-

nation of microorganisms was ginseng of 4.7 Log CFU/g.

Other raw materials such as glutinous rice, carrot, garlic

and jujube were ranged from 2.3 Log CFU/g to 3.5 Log
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CFU/g. Using 16S rDNA analysis, Pseudomonas fragi in

raw chicken and Enterobactor faecalis in carrot were iden-

tified as predominant bacteria, respectively (Table 2). Pseu-

domonas is about 67% of bacteria contaminated in chi-

cken and is mainly engaged at spoilage during cold stor-

age of meat because this bacteria is psycrotroph (Yu et

al., 2002). Enterobactor is well observed in fresh agricul-

tural produces such as fruits and vegetables (Yu et al.,

2002). These bacteria can be inactivated at ordinary ther-

mal condition (Hassen et al., 2002). Therefore, authors

decided that chicken and carrot were excluded from irra-

diation treatment because these materials were contami-

nated by gram negative bacteria as the predominant micro-

organisms and ordinary thermal treatment can inactivate

the microorganisms contaminated in these materials.

In glutinous rice, garlic, jujube and ginseng, B. subtilis

was identified as mainly contaminated bacteria. In gen-

eral, Bacillus species are observed at the grain and dried

foods (Grant and G'Appolonia, 1991). These bacteria

cannot be inactivated by the ordinary thermal processing

below 100oC such as the cooking process of ginseng chi-

cken porridge because of thermal stable spores (James,

2001; Jessica et al., 2001). Thus, gamma irradiation was

applied to inactivate B. subtilis contaminated in glutinous

rice, garlic, jujube and ginseng.

Effect of gamma irradiation on decontamination of

B. subtilis

Effect of gamma irradiation on the decontamination of

B. subtilis observed in glutinous rice, ginseng, garlic and

jujube are provided in Table 3. Growth of microorgan-

isms on plate count agar was not observed in 5 kGy-irra-

diated glutinous rice, garlic and jujube, and in 7.5 kGy-

irradiated ginseng (p<0.05). In bacterial growth test for

Table 2. Microorganisms detected and the initial levels contaminated in the raw materials using for ginseng chicken porridge,

and determination of application of gamma irradiation onto the raw materials

Ingredients
Level of contamination

 (Log CFU/g)
Major microorganisms Application of Irradiation

Raw chicken 3.4 ± 0.1 Pseudomonas fragi X1)

Glutinous rice 3.1 ± 0.5 Bacillus subtilis O2)

Garlic 2.6 ± 0.1 Bacillus subtilis O

Carrot 3.5 ± 0.2 Enterobactor faecalis X

Jujube 2.3 ± 0.1 Bacillus subtilis O

Ginseng 4.7 ± 0.1 Bacillus subtilis O

Mean±standard deviation (n=5).
1)Non-irradiation.
2)Irradiation.

Table 3. Changes of total aerobic counts of raw materials used for ginseng chicken porridge by gamma irradiation

Irradiation dose (kGy)
Ingredients (Log CFU/g)

Glutinous rice Garlic Jujube Ginseng

0 3.1±0.5 2.6±0.1 2.3±0.1 4.7±0.1

2.5 1.6±0.2 1.2±0.1 1.3±0.3 3.1±0.2

5.0  ND1) ND ND 1.5±0.1

7.5 ND ND ND ND

10.0 ND ND ND ND

Mean±standard deviation (n=5).
1)Not detected within the detection limit < 101 CFU/g.

Table 4. Bacterial growth test on gamma-irradiated raw materials used for ginseng chicken porridge and the determination of

effective sterilizing dose applied for the inactivation of the contaminated microorganisms

Ingredients
Irradiation dose (kGy)

Applied dose (kGy)
0 2.5 5 7.5 10

Glutinous rice  (+)1) (+)  (-)2) (-) (-) 5.0

Garlic (+) (+) (-) (-) (-) 5.0

Jujube (+) (+) (-) (-) (-) 5.0

Ginseng (+) (+) (+) (+) (-) 10.0

1)Bacterial survival was detected (positive).
2)Bacterial survival was not detected (negative).
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the determination of the sterility of irradiated raw materi-

als (Table 4), any growth of bacteria were not observed in

5 kGy-irradiated glutinous rice, garlic and jujube, how-

ever the growth of bacteria was observed in 7.5 kGy-irra-

diated ginseng and was not seen in 10 kGy-irradiated one

(p<0.05). Even though any growth of microorganisms

were not observed on the plate count agar of 7.5 kGy-irra-

diated ginseng (Table 3), surviving bacteria can exist and

grow below the detection level of 1 Log CFU/g. Han et

al. (2011) and Suzanne et al. (1999) have reported that D
10

value of gamma irradiation on spore of Bacillus sp. was

in the range of 2.5 to 4 kGy, and the value was dependent

upon the condition of food and irradiation such as water

content, pH, and existence of oxygen, etc. (James, 2001).

The determination of the absorbed dose for perfect decon-

tamination could be major factor on the level of microor-

ganisms of final product (Farkas, 2006). Thus, the effec-

tive sterilizing dose were determined at 5 kGy on gluti-

nous rice, garlic and jujube and 10 kGy on ginseng (Table

4) and the doses were applied to subsequent experiments.

The initial level of contaminated microorganisms is im-

portant factor for the determination of irradiation dose

(Byun and Lee, 2003). Therefore, the contaminated level

of microorganisms should be determined for proper dose

to food prior to irradiation treatment.

Table 5 shows the results of the level of microorganisms

and bacterial growth test of ginseng chicken porridges pre-

pared with non-irradiated raw materials (control) or with

individually irradiated materials. In control, 2.8 Log CFU/g

of bacteria was determined (p<0.05), whereas any colony

and change of the color were not observed on the plate

count agar and in the tube of bacterial growth test, respec-

tively, using samples of ginseng chicken porridge prepared

with individually irradiated raw materials. The results in-

dicate that gamma irradiation could be used as decontam-

ination process of raw materials contaminated by bacteria

with thermo-stable spores such as Bacillus sp.

Sensory evaluation and lipid oxidation

In all evaluations except for off-flavor, the scores of both

two porridges showed above 6 (Better) (Table 6). Appear-

ance, taste, texture and overall acceptance were not dif-

ferent between both ginseng chicken porridges prepared

with irradiated or non-irradiated raw materials (control).

These results suggest that ginseng chicken porridge cooked

with irradiated glutinous rice, garlic, jujube and ginseng

was comparatively well accepted for panels. However, fla-

vor score (6.1) of ginseng chicken porridges prepared with

irradiated raw materials was statistically lower than that

(6.7) of control (p<0.05). Nevertheless, the score was a

sufficiently high value, which was organoleptically accep-

table by panels. The score (1.6) of off-flavor of ginseng

chicken porridges prepared with irradiated raw materials

was also more than that (1.0) of control (p<0.05) but, con-

sidering the 7 point scale for sensory evaluation used in

this study, the substantial difference between the values of

two samples on the sensory estimation of off-flavor might

be quite low. This can result in no statistical difference on

overall acceptance between both two porridges as obser-

ved in Table 6. In addition, formation of off-flavor is asso-

Table 5. Level of total aerobic microbes and bacterial growth

test of ginseng chicken porridge prepared with indivi-

dually gamma-irradiated raw materials (Log CFU/g)

Items Control1) Irradiated2)

Total aerobic microbe 2.8±0.5 ND3)

Bacterial growth test +4)
−
5)

Values are mean±standard deviation (n=5)
1)Ginseng chicken porridge prepared with non-irradiated raw

materials.
2)Ginseng chciken porridge prepared with irradiated raw materials.
3)ND indicates not detected within the detection limit < 101 CFU/g.
4)Bacterial survival was detected (positive).
5)Bacterial survival was not detected (negative).

Table 6. Sensory properties of ginseng chicken porridge pre-

pared with individually gamma-irradiated raw ma-

terials

Attributes
Samples

Control1) Irradiated2)

Appearance 6.5±0.3 6.4±0.2

Flavor 6.7±0.2a 6.1±0.2b

Taste 6.6±0.4 6.5±0.3

Texture 6.4±0.2 6.1±0.4

Overall acceptance 6.5±0.4 6.3±0.2

Off-flavor 1.0±0.2a 1.6±0.1b

Values are mean±standard deviation (n=5).
1)Ginseng chicken porridge prepared with non-irradiated raw

materials.
2)Ginseng chciken porridge prepared with irradiated raw materials.
a-bMeans with different superscripts in the same row are signifi-

cantly different (p<0.05).

Table 7. TBARS (mg malondealdehyde/kg) of ginseng chicken

porridge prepared with gamma-irradiated raw ma-

terials

Control1) Irradiated2)

0.44±0.08a 0.62±0.13b

Values are mean±standard deviation (n=5).
1)Ginseng chicken porridge prepared with non-irradiated raw

materials.
2)Ginseng chciken porridge prepared with irradiated raw materials.
a-bMeans with different superscripts in the same row are signifi-

cantly different (p<0.05).
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ciated with the increase of lipid oxidation or the radioly-

sis of protein and carbohydrate in irradiated materials (Jo

and Ahn, 2000). In particular, correlation between sensory

result and lipid oxidation of both porridges were consid-

ered with the result of TBARS (Table 7). The values of

TBARS of ginseng chicken porridges prepared with irra-

diated raw materials and control were determined as 0.62

and 0.44 mg malondealdehyde/kg with statistically differ-

ences (p<0.05), even though the differences of the values

were not wide. This result could be also used to explain

that ginseng chicken porridges prepared with irradiated

raw materials on the sensory evaluation of flavor and off-

flavor was lowly evaluated by the panels. The previous

studies have reported the acceleration of lipid oxidation

and the generation of off-flavor by ionizing radiation treat-

ment (Byun and Lee, 2003; Jo and Ahn, 2000; Park, 2011a).

In this study, any experiment was not conducted to eluci-

date the correlation between sensory result and radiolysis

of ginseng chicken porridges prepared with irradiated raw

materials. However, correlation could be inferred from

the citation of the previous studies (Ahn et al., 1999; Lee

et al., 2008). Increase of lipid oxidation might be induced

from the use of irradiated glutinous rice. Han et al. (2011)

reported that gamma irradiation caused the increase of

lipid oxidation of milk porridge, when 5 kGy-irradiated

glutinous rice was used. Flavor of irradiated food or irra-

diated ingredients is one of the very important factors in

the acceptance of consumer (Han et al., 2009). Increase

of off-flavor can reduce the acceptability of irradiated

products (Kim et al., 2008). Therefore, more studies are

necessary for improvement of the flavor quality.

As a conclusion, individual gamma-irradiation to each

of raw materials was applied to the preparation of ginseng

chicken porridge for the development of immunocompro-

mised patient’s food. The growth of microorganisms of

ginseng chicken porridge prepared with non-irradiated raw

materials was observed; whereas no microorganisms in

ginseng chicken porridge prepared with individually irra-

diated raw materials was detected. Sensory results showed

that the slight increase of off-flavor was observed in gin-

seng chicken porridge prepared with individually irradi-

ated raw materials compared with that of the porridge pre-

pared with non-irradiated raw materials. Nonetheless, gin-

seng chicken porridge cooked with individually irradiated

raw materials was comparatively well accepted for panels.

Additional food processing method is necessary for imp-

roving the flavor quality of ginseng chicken porridge pre-

pared with individually irradiated raw materials.
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