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INTRODUCTION
  Royal jelly is a secretion of the hypopharyngeal and mandibular glands of worker honey bees (Apis mellifera L.) and is fed to queen bees throughout their larval and adult lives. Royal jelly is produced commercially by bee-keepers and distributed for human consumption throughout Europe, Asia and the United States in a variety of forms: frozen, capsulated, and in admixed forms with honey, pollen, and propolis, or with garlic extract. It is a colloidal, viscous, slightly fragrant product with light-yellowish to milky white color, pungent odor and bitter taste. It is sold as a health food for humans, often with therapeutic claims.     
   Royal jelly production has been one of the main sources of beekeeping income in Taiwan since the early 1970s. It is produced mainly from central and southern counties (Nantou, Yunlin, Chiayi and Tainan) of Taiwan from May to December, although during July and Au-gust royal jelly production is poor. During March and April, there is a profitable nectar flow of litchi (Litchi chinensis) and longan (Euphoria longana). Tea (Camel-lia sinensis) pollen collected from mid-November to early January is another source of beekeeper income. January and February are the months when beekeepers divide and strengthen their colonies by moving to oil-seed rape fields or feeding supplementary pollen and syrup in anticipation of the coming nectar flow.    
  Annual royal jelly production from 1986-1991 aver-aged about 258 tons in Taiwan (Taiwan Agricultural Yearbook 1992). Most royal jelly produced in Taiwan was exported to Japan at $ 120/kgin the 1970s, but under market competition from mainland China, the price has been depressed to about $55/kgsince 1985 (Changl991).Although the current export price of royal jelly is non-profitable 

to Taiwanese beekeepers, the domestic demand for frozen royal jelly has been increasing since the late 1980s. A strong Taiwanese market supports the cur-rent retail price of frozen royal jelly at $140/kg, and as a result domestic production has remained high. Despite the high investment return and importance of royal jelly production to the beekeeping industry in Taiwan, scientific studies indicate that further improvements in royal jelly production are possible.    
  Royal jelly production is influenced by several physical and biological factors, such as the size and composition of queen cups, the age of grafting larvae and the genetic background of production colonies. Tseng (1974)reported that 11-mm diameter queen cups had higher royal jelly production than 9- or 13-mm diameter cups did. Kuang and Chang (1978) indicated that the 10-mm deep and 10-mm diameter wax queen cups had the best royal jelly production and larval acceptance. In China, plastic queen cups increased royal jelly production by 11to 20% as compared to wax queen cups (Chen et al 1983,Chen et al. 1990, Houng and Miao 1982, Zan 1987). Dark-colored queen cups had better royal jelly production and larval acceptance than queen cups with brighter colors (Sung 1987, Chang and Hsieh 1991). Our present study measured the relationship of the number of queen cups to royal jelly production from honey bee (Apis mellifera L.) colonies. 

ABSTRACT

The effect of different numbers of queen cell cups on royal jelly production at 2 and 3 days after grafting was determined .Queen right colonies of a selected Apis mellifera L. stock（20,000 bes/7-frame colony）were provided64,96,128,160, and 192 golden-yellow plastic cups at 2-day royal jelly production trials in March, or 68,102,136,170, and 204 cups at 3-day royal jelly production trials in July. Mean weight of royal jelly/cup decreased with increasing number of cups at both royal jelly production trials. Total production was 153 mg/cup higher at 3-day postgraft than at 2-day（553.1±79.1 mg vs. 399.5±52.1mg）.Mean royal jelly production From 3-day grafts was 562 mg/cup（±30.6mg）in this study ,whereas most commercial production ranges from 300 to 350 mg/cup using 96-160 cups in 7- frame colony. The weights of royal jelly/cup produced from 102, 136 or 170 cups at 3-day postgraft were not significantly different（p>0.05）. Significantly more royal jelly was produced with 68 queen cups/colony ,however, the overfilled cups caused the uncapping process to puncture the larvae and contaminate the royal jelly. Economic analysis of our labor and production date indicates that 102 queen cups（3 cup bars）is the most efficient number of queen cups to use for royal jelly production in 7- frame colonies. 
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Materials and methods

This study was conducted in a commercial apiary at Puli, Taiwan, in March and July of 1991. The honey bee strain was not identified, but the apiary owner had screened for superior royal jelly productivity for about a decade and had earned the reputation for high royal jelly production. Twenty randomly selected colonies from this apiary, each consisting of a single chamber hive with seven 49.5cm×23.4cm frame of about 20.000 bees, were divided into five groups , each group having four colonies. One of five numbers of queen cups-64,96,128,160 and 192 at a 2-day royal jelly production trial in March and 68,102,136,170and 204 at a 3-day royal jelly production trial in July-was assigned to each group. Each trial was duplicated four times.

   Colony management -Each selected honey bee colony was divided into 3-frame and 4-frame compartments with a queen excluder that kept the <l-year-old queen exclusively in the 4-frame compartment. The 3-frame compartment contained two sealed-brood combs and one food comb during the experiment.About700grams of pollen supplement, made from soybean flour, su- crose and fresh pollen (1:1:0.5), was supplied to each colony every 6-7 days. Colonies were fed one liter of fructose (Jin-Hon Chemicals, Tainan) solution (fructose:water = 1:1) after the grafted larvae were inserted between two sealed brood frames. No chemicals such as tetramycin and Gupital were applied to colonies during the experiment.

   Royal jelly production--Worker bee larvae less than 48brs old were grafted into golden-yellow plastic queen cups (Li-Shin Apiary, Nantou) (11 mm deep and 10 mm in diameter). A small amount of royal jelly was applied to the bottom of each queen cup with a paint brush before grafting, but not for those cups from which royal jelly was collected on same day or those which were stored in the freezer after harvest. Each queen cup bar used in this experiment had either 32 or 34 cups. Grafting frames held a maximum of five bars; therefore two grafting frames, each containing three bars, were required for treatments having more than 180 queen cups. The frame with cup bars was placed between two sealed-brood combs in the 3-frame compartment- At two-days in March and at three-days in July after the graft, the grafting frame containing queen cups, now filled with royal jelly and larvae, was removed from the colony and the wax tops of cups were cut off to expose the larvae. Larvae were removed by forceps and royal jelly collected by a flat bamboo spoon.      
  Before extracting royal jelly, the number of queen cups with larvae on each graft-frame was counted to calculate the rate of larval acceptance. Larvae collected from each graft-frame were rinsed with tap water to remove royal jelly residue from their bodies and then
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Relation of number of quoen cups containing grafied larvae and mean larval weight (£SE) at 2-day posigraft.

Larval weight (mg)

Number

of cups 10 March 12 March 14 March 16 March
6 7414 102408 12517 21431
9% 146216 74£2.1 21£08 14314
128 119+17 80+05 94124 18B5+12
160 100£11 68+10 107+16 128+16
192 72%12 85428 10411 107420

Maans within columrs followsd by the same ltier are not significantsy different (P>0.05; Duncan's multiple range teed).

Table2

Relation of number of queen cups containing grafted larvae and mean farval weight (+SE) at 3-day postgraft.

Larval weight (mg)

Number

of cups. 9July 12 July 15 July 18 July
68 36.7+4.1b 62.0+26a 743+57a 555+39a
102 609+8.1a 60.0+7.3a 462+3.8b 49.1+7.6a
136 52.0+6.0a 52.1+1.0b 47.6+7.1b 48.4+32a
170 36.6+3.6b 45.4+3.4b 423+3.1b 446+4.]a
204 4594 2.4ab 57.1+4.6ab 48.6+6.7b 470%1.1a

Moans within columns followsd by the same letir ara not significanty diffarant (P>0.05; Duncan's multple range tast).




                                   

dried on tissue before weighing. On each royal jelly collection date, the weight of royal jelly from each colony was calculated from the total weight of the grafting frame with cups containing royal jelly minus the weight of graft frame with empty cups. 

        Acceptance data, larval weight and weight of royal jelly production were analyzed by date with one-way ANOVA （SAS 1985）, and  means were compared with Duncan's multiple range test（Duncan 1955）.Acceptance data were arcsine transformed before statistical analysis.

RESULTS AND DISCUSSION

Larval acceptance ranged from 82to 83﹪and 86 to 93﹪,respectivly, for the 2-day and the 3-day royal jelly production trials. No significant differences in acceptance rates were found among the number of queen cups at 3days （p=0.4824）or 2 days（p=0.0623）, Although the mean acceptance rate for the 3-day trial（88.2±3.1﹪）was higher than that of 2-day trial（82.3±0.4﹪）, the dufference between the two was not significant. Similar results were reported by Kuang and Chang（1978）and Chang
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Figure 1.Linear regression of effect of larval weight on 2-day royal jelly production

[image: image3.png]Table3

Mean weight of royal jelly (mg + SE) harvested 2-day postgraft.

Number

of cups 10 March 12 March 14 March 16 March
64 4119+15.9ab 4489+102a 422.4+149ab 5063+17.4a
96 468.1£26.4a 4363+32.7a 431414022 480.0£26.7a
128 372.7+27.9bc 381.6+28.0ab 378.9:+30.6ab 4366 11.0ab
160 368.1+20.3bc 341.7+10.0b 356.4:£22.0ab 3863+21.6bc
192 342.4+11.6c 3389+25.0b 327.1£20.0b 354.3+26.6c

Means within columns followed by the same letters are not significantly different (P>0.05; Duncan’s muitiple range test).

Table 4

Mean weight of royal jelly (mg + SE) harvested 3-day postgraft.

Number

of cups 9July 12July 15 July 18 July
68 6735+24.8a 594.0+4.2a 65341 16.5a 679.6+20.7a
102 606.2+29.1ab 582.7:+26.2ab 5963£9.6b 591.04£9.0b
136 552.7 4 30.9ab 5159+282¢c 562.3+22.4bc 560.4 +24.7b
170 577.81 61.5ab 522.1 +22.8bc 539.9+13.6¢ 541.1+24.9b
204 477.6+48.9b 4022+7.6d 430.4+11.3d 4024+22.4c

Means within columns followed by the same letters are not significantly different (P>0.05; Duncan’s multiple range test).





and Hsish(1991),indicating acceptance rate is not influenced by the numbers of queen cups for royal jelly production. However, the larval acceptance rates ranging from 65.3to 87.8% among different honeybee strains were significantly different in mainland China (Chen et al.1992)                   

  Larvae grafted for royal jelly production are generally less than 48 hrs old because older larvae consume more royal jelly and reduce the harvestable product. Our results indicated that the average weight of larvae removed from 3-day royal jelly was 51 mg, or about five times hat from 2-day（11mg）.There were no significant differences in larval weight between the numbers of queen cups for 2-day royal jelly production（Table 1）.The amount of royal jelly /cup collected 2 days after grafting, however, was linearly (r=0.63; p<0.01) related to the larval weight （Figure 1）.This was because more royal jelly was provided to the queen larva than it consumed within two days after grafting. On the contrary, the average weight of larval from3-day royal jelly was not related to the amount of royal jelly/cup, but was influenced by the number of queen cups in the colony and tended to be higher in treatments with less cups （Table 2）
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Figure 2. Linear regression of effect of number of queen cups
on 2-day royal jelly production.
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Economic analysis of commercial 3-day royaljelly production in an 8hr working day.

Total royal felly production
No.Cups  No.cups Time/ No.frame meanwt/  mesnwt/  towlwt/
Jframe WithRI* frame® finished cupt frame day
(ban) (min) (mg) ® %)
@) 61 54 8 650.1 3965 353
12 @) 2 81 5 5941 5165 32
136 (@ 122 108 a4 5478 6685 254
170 ) 153 135 36 5452 338 300
204 © 184 162 30 4282 875 236

% Assumes 90% larval acceptance and 2.7 min/34-cell bar In grafting and harvesting royal ely.

* Number of grat-frarme from which royal jelly was harvesied In 8 bours.
“Mean weight of royal elly/cup calcuiated from Tabie 4.





     Total royal jelly production of one grafting frame increased with increasing number of queen cups for royal jelly production, but the amount of royal jelly in each queen cup decreased as the number of queen cups increased (Figures 2 & 3) and was significantly different among the numbers of queen cups (Tables 3 & 4). Based on the increasing rate of royal jelly production in the 48hrs after grafting, the amount of royal jelly in each queen cup at 72hrs postgraft should be about 

600grams(399.5x 72/48). The amount of royal jelly only increased 153mg from day 2 (x=399.5±52.1 mg) to day 3 (x=553.1±79.1mg) postgraft, indicating the 5-day-old larvae (3-day postgraft) consumed more royal jelly than was added to their diet by nurse bees. This may, to some extent, ex-plain Chang and Hsieh's report (1991) that grafting 2-day-old larvae produced more royal jelly than did 3-day-old 
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Figure 3. Linear regression of effect of number of queen cups
on 3-day royal jelly production.




larvae when royal Jelly was harvested two days postgraft. 

    The unit royal jelly production at 3-day postgraft was significantly higher than the production of 2-day royal jelly at similar number of cups m this study. How- ever, Kuang and Chang (1978) and Chang and Hsieh (1991) reported no significant differences between the productions of the 2-day and 3-day royal jelly. Hooey bee strains and the experimental season may cause different productivity of royal jelly from the same hooey colony. It has been demonstrated by Chen and Lm (1990) that the honey bee strain varied royal jelly production. In our study, royal jelly production with 2-day- old larvae ranged from 340 to 600 mg/cup, compared to 250-330 mg reported by Chang and Hsieh (1991) using 96-160 queen cups in 8-frame colonies, and 282-315 mg (averaged from May to September) by Chen et al. ( 1992) in mainland China. Commercial harvests of royal jelly at 3 days after grafting generally ranged from 300 to 350 mg/cup using 96-l60 queen cups per graft-frame in a 7-frame colony, but the colonies used in this experiment produced an average of 562 mg/cup. Thus a high royal jelly-production strain of honey bees has the potential to significantly increase royal jelly production.

   Although the availabilities of natural nectar and pollen resources affect royal jelly productivity (Houng1990), their effects on royal jelly production are likely to be minimized by feeding experimental colonies with pollen supplements and sucrose solution through the course of royal jelly production.   

   Because the cups on the 2-bar grafting frames often were filled with royal jelly, the larvae rested beyond the cup rim 3 days after grafting. Thus, larvae were frequently damaged when wax was removed from the top of queen cups using the conventional cutting method.

As a result, the punctured larvae contaminated and fouled the royal jelly product. To avoid contamination by dam-aged larvae, beekeepers adjust the number of queen cups based on the strength of the honey bee colony to keep larvae below the cup rim.   
    Our results show no significant differences in unit production of royal jelly among treatments of 102, 136and 170 queen cups (i.e. 3-, 4- and 5-cup bars) when royal jelly was harvested 3 days post graft (Table 4). A superior technician averages I min to graft, 0.5 min to remove larvae, and 12. min to collect royal jelly from one cup bar (total=2.7 min) using combs containing suitable numbers of graftable larvae. An economic analysis of royal jelly production (8-hr day) indicates that the use of 68 queen cups (2 cup bars) was more profitable than 3,4or 5 bars of queen cups (Table 5). However, the larvae are easily damaged and contaminated the royal jelly product in two bars. Therefore the use of 102 queen cups (i.e.3 bars of cups) is recommended as the most economical number of queen cups for the royal jelly production in 7-frame colonies.  
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