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Changes in the Riboflavin Content of Spinach Salad and Sesame Leaf Salad
with Various Cooking and Holding Process in Foodservice Institutions

Heh-Young Kim, Hwa-Yyun Park
Department of Food & Nutrition, Sungshin Women’s University

Abstract

The retention rate of riboflavin in two cooked vegetable salads (spinach salad and sesame leaf salad) were
examined at every cooking stage, holding temperature and holding time, with various cooking methods, and a
better food preparation method developed. The riboflavin contents of the samples were analyzed by HPLC, with
fluoresence detection. The changes in the pH and water contents of the samples were measured during the
holding stage at various temperatures and times. There were significant differences in the riboflavin contents
during the various preparation and cooking processes, such as trimming, washing, boiling and parching etc. The
retention rates of the riboflavin with the various holding methods and cooking temperature were also

significantly different. The boiling process caused

large losses of riboflavin: in the cases of spinach salad and

sesame leaf salad these were 78% and 52% respectively. The pH and water contents showed faster change

during 0-6 hours than during 6-12 hours.
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Table 1. Formulation and cooking methods of spinach salad

Ingredients | Amount Cooking methods
Method
(D Trim and wash spinach with
running tap water.
(@ Boil spinach slightly with
boiling water of 2.5/ for 2
Spinach 5 kg minute
Green onion |0.25 kg | (@ Dip spinach into cold water and
Garlic 0.25 kg cut them at every 4 cm length
Salt 0.05 kg | @ Mix spinach with condiments
Sesame salt | 0.1 kg (garlic, green onion, etc.)
Sesame oil 0.1 kg |Method I
(D Trim and boil spinach slightly
(@ Dip spinach into cold water and
wash
@) Add condiments and mix
together
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Table 2. Formulation and cooking methods of sesame leaf
salad

Ingredients | Amount Cooking methods
Method 1
@ Trim and wash sesame leaves
with running tap water.
@ Boil spinach slightly with
boiling water of 1.5/ for 2
minutes
Sesame leaves| 3 kg | @ Mix spinach with salt and garlic
Green onion | 0.1 kg | @ Apply sesame oil to fry pan
Garlic 0.1 kg and parch seasoned sesame
Soysauce 0.05 kg leaves
Salt 0.05 kg (Method II
Sesame salt |0.05 kg | @ Boil sesame leaves slightly
Oil 0.05 kg | @ Dip sesame leaves and cut them
Sesame oil | 0.05 kg at edible size.
@ Add salt and garlic and mix
together
@ Apply sesame oil to fry pan,
parch sesame leaves and
steamed them by spraying water
into the pan.
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M37616)2 awrEtal &4} & 7] (Branson, SR10R-
DHT)Z 3087 71XE AAT o3 A E7I(VS-
21SMT, Vision)Z 10,000 rpmo| A 3087 ZEAA
t}. 239 A=dEL FH35le] membrane filter(0.450) 2
oA#}g o2 FH A% YrREFHY FF AAE
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(TSP, Spectra System P2000)o]len AH UV 253
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0.351mg/100g, TH5-2 ¥ 0.23mg/100g, NS ¥ 0.178
mg/100g, 2t F 0.083mg/100g, e HT+ F
0.063mg/100g 2.2 Z} DA A 65%, 50%, 24%, 18%,
15%, 14%9 &S HolEx HoFoez ZHET
ghalo] Zastg
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A" F 52
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mg/100g, A& ¥ 0.059mg/100g, AE F 0.050mg/
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Table 4. Changes of riboflavin, moisture content and pH of
spinach salad at various cooking process.

- . . Moisture
3) BAAE Process Riboflavin Content pH
AAGAE AR ZHY FF W= AR (mg/100g) (%)
for felgel sl F9el LD Jaos Faad Spinach 0351£0002° | 852+0.7° |6.70£0.01°
SRE Stk RBADNT mEeEcel me Bk heeda)
A@27e #AEA, LSD Hazh vla el Split MEthO'I(‘iﬁnImﬂng 0230+0.006° | 85.0:02° |6.66+0.00"
Washing 0.178+0.006° | 88.5+0.4° |6.70+0.02°
Table 3. HPLC set-up for riboflavin measurement. Boiling 0.083+0.014" | 87.0+0.3° |6.70+0.04*
Items Set-up description Dipping 0.063+0.001° | 85.4:0.8" |6.760.02°
Column Detector UV 253nm, FL 375nm Cutting 0.053+0.003' | 86.7+0.2° |6.70:0.00°
gradient Mixing 0.049+0.001' | 83.4+0.1° |6.55:0.00°
(@ 1mM hexane sulfonic acid Method TI
100nM KH:PO; 90 : Trimiing 0.230+0.006° | 85.010.2° |6.66+0.00°
Mobile phase Methanol 10 Boiling 0.067+0.006° | 89.6+0.7° |6.89+0.01°
(® 1nM hexane sulfonic acid Washing 0.059+0.003 | 88.3+0.3° |6.77+0.01°
100nM KH,PO4 50 : Cutting 0.050+0.006* | 87.4+0.4° |6.80+0.02°
Methanol 50 Mixing 0.043+0.002° | 84.0+0.1' |6.46+0.01°
Flow rate 1.0m{/min 1) Mean + S.D. (n=3)
Chart speed Smm/min 2) Values with different superscripts in a column are

AUFS [ Injection volume |0.16 / 10u!
Column oven temperature {40C

F2ze) BetE A F20E A 15(2004) - 36

significantly different at p<0.01
level (LSD method).
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Table 5. Changes of riboflavin, meisture content and pH of
sesame leaf salad at various cooking process.

isture
Process Riboflavin I\éz:ient pH
(mg/100g)

(%)
Sesame leaves 0.2000.001 | 91.5+0.6° | 6.14+0.03"
(Basic ingredient)
Method |
Trimming 0.157+0.007° | 86.6+1.2" | 6.22:0.05°
Washing 0.145+0.011" | 86.8z0.7" | 6.370.01°
Boiling 0.098+0.016° | 94.3+0.6° | 7.01+0.07°
Mixing 0.088+0.010° | 89.7+0.2" | 6.69+0.06°
Frying 0.053+0.003 | 75.30.6° |6.78+0.03°
Method TT
Trimming 0.157+0.005" | 86.6+1.0° | 6.22+0.04°
Boiling 0.077+0.002° | 96.6:0.2° | 6.68+0.02°
Washing 0.067+0.008° | 94.3+0.2° | 6.51+0.01°
Frying 0.034+0.001° | 84.8+0.5° | 6.44+0.04°

1) Mean + S.D. (n=3)

2) Values with different superscripts in a column are
significantly different at p<0.01
level (LSD method).
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Table 6. Changes of riboflavin, moisture content and pH of spinach salad at various holding temperature and duration.

Cooking method, holding temperature Riboflavin Muisture Content -
and duration (hr) {mg/100g) (%) P
Method 1, Room temp(237) ‘
Just cooked dish 0.050+0.001*"% 83.40.1° 6.55+0.00"
2 hours 0.045+0.001% 83.6+0.1° 6.51+0.01°
6 hours 0.03420.002™ 83.7+0.1° 6.55+0.01*
12 hours 0.027+0.004° 83.6+0.1® 5.16+0.01°
Method II, Room temp(23°C)
Just cooked dish 0.043+0.002° 84.0+0.1° 6.43+0.05°
2 hours 0.031+0.005® 83.0+0.0° 6.48+0.01°
6 hours 0.0180.012° 83.9+0.0° 6.55+0.01°
12 hours 0.012+0.002° 83.8+0.5™ 5.3310.06"
Method 1, cold temp(4C)
Just cooked dish 0.050+0.001° $3.440.1% 6.55+0.00°
2 hours 0.047+0.001° 83.3+0.3 6.57+0.01°
6 hours 0.041+0.002° 83.8+0.1° 6.59+0.01°
12 hours 0.03020.001° 83.310.1 6.50+0.04°
Method T, cold temp(4C)
Just cooked dish 0.043+0.002° 84.0+0.1° 6.43+0.05°
2 hours 0.038+0.002° 83.4+0.2° 6.53+0.01°
6 hours 0.032+0.001° 84.8+0.2° 6.53+0.01°
12 hours 0.019+0.001° 84.0+0.2° 5.67+0.01*

1) Mean + S.D. (n=3)

2) Values with different superscripts in a column are significantly different at p<0.01

level (LSD method).
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Table 7. Changes of riboflavin, moisture content and pH of sesame leaf salad at various holding temperature and duration.

Cooking method, holding temperature Riboflavin Moisture Content -
and duration (hr) (mg/100g) (%) P
Method I, Room temp(237C)
Just cooked dish 0.053+0.003*"? 75.340.5" 6.78+0.03"
2 hours 0.031:0.001° 79.1+0.1° 6.57+0.02°
6 hours 0.024+0.001° 76.810.2° 6.72+0.03°
12 hours 0.018+0.001° 82.0£1.2° 5.36:0.04°
Method TI, Room temp(237C)
Just cooked dish 0.034+0.001" 84.810.5° 6.4410.04°
2 hours 0.025:0.001° 83.510.6" 6.63+0.03"
6 hours 0.019+0.002° 84.640.3° 6.39+0.04°
12 hours 0.012+0.001° 84.7+0.2° 5.24+0.04°
Method I, Cold temp.(4C)
Just cooked dish 0.053+0.003" 75.310.5° 6.7840.03°
2 hours 0.035+0.002° 74.3:0.0° 6.76+0.01°
6 hours 0.030+0.001° 78.4+0.3° 6.85+0.03"
12 hours 0.023+0.002" 76.9+0.8° 6.96+0.02°
Method II, Cold temp(4C)
Just cooked dish 0.034+0.001° 84.810.57 6.44+0.04°
2 hours 0.027+0.002° 83.8+0.4° 6.5410.01°
6 hours 0.022+0.001° 83.6£0.3" 6.730.04"
12 hours 0.016+0.001¢ 82.810.7° 6.92+0.02°

1) Mean + S.D. (n=3)

2) Values with different superscripts in a column are significantly different at p<0.05

level (LSD method).
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Table 8. ANOVA of effect of holding temperature and holding time on riboflavin retention rate of spinach salad (method 1).

Source af, SS MS F Reference
Block 2 0.000002 0.000001 0.302 ns
Holding temp(A). 1 0.000072 0.000072 20.57 Fu25%=18.5
Error A 2 0.000007 0.000035
Holding time(B) 2 0.000919 0.000460 57.87 F.81%=8.65
Cross Effect(AxB) 2 0.000022 0.000011 1.406 ns
Error B 8 0.000064 0.000008

Total 17 0.025388

Table 9. ANOVA of effect of holding temperature and holding time on riboflavin retention rate of spinach salad (method 2).

Source d.f. S8 MS F Reference
Block 2 0.000023 0.000012 2.605 ns
Holding temp(A). 1 0.000181 0.000181 40.11 F125%=18.5
Error A 2 0.000006 0.000005
Holding time(B) 2 0.001186 0.000593 25.12 F.81%=8.65
Cross Effect(AxB) 2 0.000012 0.000006 0.261 ns
Error B 8 0.000189 0.000024

Total 17 0.012747

for holding at room temperature(25°C)
here, y: riboflavin content (mg/100g)
x: holding time(hr)
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here, x: holding time(hr)
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