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Analysis of Clotting Process of Milk with Ginger Juice
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In China, a dessert known as ginger milk pudding (Jiang Zhi Zhuang Nai) has been eaten, which is
made by adding freshly squeezed ginger juice to heated milk to clot it. In this study, the coagulation
process of skim milk induced by ginger juice was investigated, leading to the following findings:

1) The addition of ginger juice did not coagulate soy milk, indicating that ginger milk pudding was a

phenomenon specific to cow's milk.

2) a-casein, B-casein, and K-casein alone were susceptible to degradation by ginger proteases,
respectively. In milk, however, k-casein appeared to be selectively broken down, similar to
rennet-induced cleavage, due to micellar structure.

3) Ascorbic acid further promoted ginger juice's low molecular weight transformation of digested
peptides, which originally possessed milk coagulation ability.

4) Scanning electron microscopic observations of skim milk coagulates showed ginger milk pudding
exhibited a more porous structure than rennet-induced coagulates. However, when ascorbic acid

Mami ABE (AIZAWA)

was present, it formed a denser network structure than rennet coagulates.
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Fig. 1.

Ten mL of 9.5% skim milk or soy milk was heated in a water bath at 80°C, then poured into a test tube containing 1 mL

of ginger juice and kept for 5 minutes. After 5 minutes, the test tube was removed from the water bath and left for 30
minutes at room temperatue. Then the contents were transferred to a chalice.

For the milk sample in this study, we used skim milk powder produced by Morinaga Milk Industry Co., Ltd. Additionally,

to confirm whether the coagulation induced by ginger juice was specific to milk, we also used commercially available soy

milk (Marusan-ai Co., Ltd).

left: skim milk right: soy milk
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Appearances of skim milk and soy milk treated with squeezed ginger juice.
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Fig. 2. SDS-PAGE patterns of milk proteins.

Electrophoresis was carried out using e-PAGEL ET-
12.5L (ATTO) at 20 mA for 70 min. After electrophoresis,
the gel was stained with Comassie Brilliant Blue G-250
for 1 hour and then destained using acetic acid — methanol
— water solution.

lane 1: a—casein

lane 3: K—casein

lane 5: B-lactoglobulin

lane 7: skim milk

lane 2: B—casein

lane 4: a—lactoalbumin

lane 6: sodium caseinate

lane 8: skim milk digested
with ginger juice
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--
—cas(—:in—r>
B
K—caseinj
[3—Iactog|0bu|in—|_>
| — -
— -
a—lactoalbumin_r>
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Fig. 3. SDS-PAGE patterns of constituent proteins of
milk digested with ginger protease.

Electrophoresis and gel staining/destaining were
conducted as described in Fig. 2.

lane 1: undigested a—casein

lane 2: undigested —casein

lane 3: undigested K—casein

lane 4: undigested B-lactoglobulin

lane 5: undigested a-lactoalbumin

lane 6: digested @—casein

lane 7: digested B—casein

lane 8: digested K—casein

lane 9: digested S-lactoglobulin

lane 10: digested a-lactoalbumin
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Fig. 4. SDS-PAGE patterns of demicellized skim milk and
micellized sodium caseinate digested with ginger juice.
Electrophoresis was carried out using e-PAGEL ET-

520L (ATTO) at 20 mA for 75 min.

Gel staining and destaining were conducted as described

in Fig. 2.
lane 1: molecular weight standard proteins
lane 2: undigested skim milk
lane 3: digested skim milk
lane 4: demicellized and undigested skim milk
lane 5: demicellized and digested skim milk
lane 6: undigested sodium caseinate
lane 7: micellized and undigested sodium caseinate
lane 8: digested sodium caseinate
lane 9: micellized and digested sodium caseinate
BSA : Bovine Serum Albumin
OVA : Ovalbumin
CAH : Carbonic Anhydrase
STI : Soybean Trypsin Inhibitor
LYZ :Lysozyme
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Fig. 5 Effect of skim milk temperature on breaking stress of ginger milk pudding.

Ten mL of 15% skim milk, previously adusted to a specified temperature, was poured into a styrofoam vessel (capacity
13 mL) containing 1 mL of ginger juice. Then the mixture was left at room temperature for 30 minutes to allow it to
coagulate. The breaking stress of the clotted milk pudding was measured using a rheometer equipped with a 2 cm ¢ disk
plunger (Fodo Kogyo NRN-2010J-CW). Using a 2,000 g load cell (with a full-scale of 200 g), the compression speed was

set at 5 cm/min.

Filled circles and bars indicate means =+ SDs, respectively (z=10).

Table 1 Effec of ascorbic acid (AsA) on the clotting ability and protease activity of ginger juice

Chiba prefecture- Clotting Protease activity Kumamoto prefecture- Clotting Protease activity
grown ginger ability AAbs/20 min grown ginger ability AAbs/20 min
Ginger juice only X 0.038 Ginger juice only O 0.097
Ginger Juice+0.2% AsA X 0.033 Ginger juice +0.2% AsA O 0.141
Ginger Juice+0.4% AsA X 0.037 Ginger juice +0.4% AsA O 0.136

Ginger juice (0.3 mL) was added to 3 mL of 1% sodium caseinate in 0.02 M of sodium phosphate buffer (pH 6.8), and the
mixture was incubated at 37°C for 20 minutes. After 20 minutes, 1.5 mL of 20% trichloroacetic acid solutuion was added to the
mixuture, and the mixture was cooled on ice for 10 minutes to stop the reaction. After cooling, the mixture was centrifuged at
1,600 X g for 10 minutes, and the absorbance at 280 nm in the supernatant was measured and this value was considered as the
protease activity of ginger juice (AAbs/20 min). X: unable to clot milk, O: able to clot milk
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Table 2 Effect of concentration of trichloroacetic acid (TCA) on the protease activity of ginger juice

Ginger-producing

AAbs/20 min

Addition of AsA Clotting ability Final concentration of TCA
prefecture N .
0.14 M 0.38 M
Ginger juice only X 0.068 0.078
Chiba Ginger Juice +0.2% AsA X 0.062 0.069
Ginger Juice+0.4% AsA X 0.071 0.067
Ginger juice only O 0.098 0.138
Kumamoto Ginger Juice +0.2% AsA O 0.363 0.172
Ginger Juice +0.4% AsA O 0.392 0.173

Three mL of 1% sodium caseinate was mixed with 0.3 mL of ginger juice (with optional additions of 0.2 or 0.4%
of ascorbic acid), and the mixture was kept at 37°C for 20 minutes. After 20 minutes, 1.5 mL of TCA solution at
the specified concentration was added, followed by cooling on ice for 10 minutes. After cooling, the mixture was
centrifuged at 1,600 X g for 10 minutes, and the absorbance at 280 nm in the supernatant was measured.
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Fig. 6.

Gel filtration patterns of standard proteins.

Gel filtration was carried out using Toyopear] HW—60 in a column size of 1.6 X52 cm at flow rate of 0.8 mL/min.
Effluent was collected in 4 mL fractions and absorbance at 280 nm was measured.
Each sample (25 mg) was dissolved in 5 mL of 0.02 M phosphate buffer (pH 6.8), of which 2 mL was mixed with 0.4 mL

of glycerol and then applied to the column.
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Gel filtration pattern of the supernatant of skim milk clotted with ginger juice.

Gel filtration was conducted according to the method described in Fig. 6.
A supernatant of 2 mL of skim milk, which was filtered through DISMIC-25s (ADVANTEC), was mixed with 0.4 mL of

glycerol, and the mixture was applied to the column.

Fifty mL of 10% skim milk, previously adusted to 80°C, was mixed with 1 mL of ginger juice (with or without ascorbic
acid). Then the mixture was left at room temperature for 30 minutes to allow it to coagulate, followed by grinding with
glass homogenizer and centrifugation. The resultant supernatant was applied to the column similarly to the supernatant of

the skim milk.
@ intact skim milk
B skim milk clotted with ginger juice

@ skim milk clotted with ascorbic acid-containing ginger juice
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Fig. 8. Scanning electron microscopic image of clotted skim milk.

Samples were fixed overnight in a 4% glutaraldehyde solution. After fixation, they were rinsed with distilled water,
dehydrated and replaced with ethnol and #-butanol in a stepwise manner. Then the samples were subjected to freeze-
drying using a VFD-21S vacuum freeze-dryer (Vacuum Device Inc.). The dried samples were sputter-coated with gold
(Eiko IB3 Ion Coater) and observed using a Hitachi TM-1000 scanning electron microscope.

a) skim milk clotted with rennet
b) skim milk clotted with ginger juice

¢) skim milk clotted with ascorbic acid-containing ginger juice
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