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Table 1 Commercial seasonings and their concentrations added to 1.5% NaCl-added cooked rice

Grouping

Food additive or Seasonings (Concentration, w/w)

Food additive

Glycine (2%)

Sugar / sweetness | White sugar (6%), Honey (13%)

Seed Black sesame (6%), Powdered peanuts (6%)

Fruit Pickled plum (umeboshi) (18%), Orange juice (23%), Lemon extract (9%), Strawberry jam (27%)

oil Olive oil (14%), Sesame oil (14%), Chili oil (9%), Linseed oil (14%), Butter (7%), Margarine (7%)

Soy and milk Soy milk (14%), Milk (23%)

Beverage Apple cider vinegar (14%), Mirin (11%)

Beverages Japanese green tea (2%), Powdered green tea (maccha) (1%), Instant coffee (1%), Cocoa (13%), Shiitake tea

(powder)* (2%), Sangria (5%)

Beverage Black tea (2%), Chamomile tea (2%), Rose hip tea (2%), Roasted green tea (hojicha) (2%)

(tea bag)**

Paste Ginger (12%), Japanese mustard (5%), Wasabi (6%), Garlic (14%), Grated radish and red pepper
(momiji-oroshi) (17%), Green perilla leaves (aojiso) (17%), Pickled plum (11%), Mustard (12%), Chutney
(14%), Yuzu pepper (7%)

Flakes Chicken (29%), Shredded nori (24%), Salmon (24%), Stewed enokitake mushroom in soy sauce (nametake)
(26%), Cod roe (7%), Dried green seaweed (aonori) (2%), Dried red ginger (7%)

Sauce Soy sauce (8%), Tomato ketchup (17%), Worcestershire sauce (23%), Chili sauce (23%), Tacos sauce (23%),
Fish sauce (Nam-pla) (3%), Mayonnaise (23%), Mayonnaise dressing (28%)

Dashi and soup | Bonito dashi (2%), Konbu dashi (2%), Dried bonito dashi (2%), Corn soup (8%), Chicken stock (6%),

(powder) Chinese seasoning (3%),Vegetable consomme soup (2%)

Miso Rice miso (9%), Doubanjiang (8%), Miso and red pepper (kanzuri) (18%),

Vinegar Sushi Vinegar (9%), Rice Vinegar (9%), Black Vinegar (12%), Balsamic Vinegar (11%)

Spice Sichuan pepper (0.7%), Sichuan and red pepper mix (mala powder) (1.0%), Cinnamon powder (0.4%), Black

pepper (0.6%), Nutmeg powder (0.4%), Dried basil (0.6%), Dried parsley (0.6%), Garam masala powder
(0.4%) , Peppermint powder (0.4%), Japanese mustard powder (1.4%), Wasabi powder (1.4%), Yuzu powder
(0.6%), Chili pepper (0.8%), curry powder (1.2%)

Confectionery

Bean jam (27%)

* The powder was dissolved by stirring in 10 mL of boiling water and added to cooked rice.

** Two g of tea leaves was extracted for 5 min by 20 mL of boiling water. After extract, of the 20 mL of extract, 10 mL was add to

cooked rice.
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Table 2 Commercial seasonings and their concentrations
added to 1.5% NaCl-added cooked rice

Seasonings Concentration (w/w)
Rice vinegar 3,6, 9%
Balsamic vinegar 3,5, 10%
Worcestershire sauce 5, 10, 15, 20, 30%
Mustard paste 7,14,21%
Rose hip tea 1,2, 4%
Lemon extract 6,9, 12%
Pickled plum (umeboshi) 6, 12, 18%
Mayonnaise dressing 15, 30, 45%
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Table 3 Results of a questionnaire survey on
whether NaCl concentration added to cooked

rice was appropriate

Number of answers

NaCl(%) (person)
Appropriate Inappropriate
0.8 7 3
1.0 9 1
13 4 6
15 4 6
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Commercial seasonings

Fig. 1 Bacterial population of S. aureus C-271 after addition of commercial seasonings and 48 h of incubation at 37°C.

Bacterial populations below the red line were reduced among the 80 commercial seasonings added to cooked rice.
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Fig. 2. Effect of concentrations of commercial seasonings on change of pH of cooked rice and growth of S. aureus C-271
after 48 h of incubation at 37°C with 1.5% NaCl-added cooked rice.
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Fig. 3 Comparison of the bacterial population of S. aureus C-271 after the bacteria was inoculated to cooked rice to which
1.5% NaCl and commercial seasonings were each added maximum concentrations and incubated for 48 h at 37°C (n = 3).

The values are arranged in order of ascending pH.
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Fig. 4 Growth (@) and SEA production (<) of S. aureus C-271 in cooked rice to which added 1.5% NaCl and commercial
seasonings (A, Rice vinegar; B, Balsamic vinegar; C, Mustard paste; D, Rose hip tea) at 37°C (n=3).
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B. Total Score

M 1 Rice bhall of sausage and mustard paste

2 Rice ball of chicken and balsamic vinegar
M 3 Rice bhall of salmon and rice vinegar
M 4 Japanese traditional dessert of rose hip tea

Fig. 5. Sensory and preference testing (A, Saltiness and B, Total score) of creative rice balls and Japanese traditional dessert
made by 1.5%NaCl- and seasonings-added cooked rice (n = 10). Preferences of saltiness and total score of rice balls were

evaluated with a 5 point rating scale and 9-graded food action rating scale methods, respectively.
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Summary
In Japan, staphylococcal food poisoning (SFP) occurs in cooked rice products such as rice balls and lunch packs. To
prevent SFP, it is important to inhibit the growth and staphylococcal enterotoxin A (SEA) by Staphylococcus aureus in
cooked rice. The purpose of this study was to identify the combination of salt and commercial seasonings that are effective
in inhibiting growth and SEA production of S. aureus without changing the taste of cooked rice.

To screen for seasonings that are effective in inhibiting growth of S aureus, 80 types of commercial seasonings were
added to 1.5% NaCl-added rice, inoculated with S. aureus at the rate of 10° CFU/g and incubated at 37°C.  Among the 80
seasonings added to 1.5% NaCl-added cooked rice, only 10 seasonings were effective in inhibiting growth of S. aureus, even
after 48 h of incubation. Furthermore, we examined the effect of concentrations of some commercial seasonings on growth
in 1.5% NaCl-added cooked rice. The bacterial population decreased depending on the concentration of the commercial
seasonings. With rice vinegar, balsamic vinegar, mustard paste and rose hip tea, S. aureus did not grow, but survived up to
12 h after incubation. After 12-24 h of incubation, S. aureus gradually decreased. In 1.5% NaCl and rice vinegar-added
or mustard paste-added cooked rice, SEA production was effectively inhibited compared with no-seasoning added rice. In
particular, balsamic vinegar and rose hip tea inhibited SEA production more effectively. Finally, creative rice balls and
Japanese traditional dessert were made by 1.5% NaCl and cooked rice with seasonings. It was confirmed by sensory
evaluation that the deliciousness and saltiness of these did not impair.

Addition of 1.5% NaCl to cooked rice did not inhibit growth and SEA production. However, it was clarified that the
growth and SEA production can be inhibited in cooked rice flavored with some commercial seasonings without impairing

the taste of cooked rice as food.



